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As an expression of general maladjustment, suicide has long held a focal posi- 
tion among the gloomiest and plainly denotative phenomena of human misery 
and frustration. Much of the attention attracted by an intentional act of 
self-destruction stems from the finality of its biological effect and from the 
palpability of a suicidal behavior pattern, regardless of whether such an 
act is regarded as a suitable index of cultural inadequacy and social imper- 
fection or as a measure of individual unfitness for survival under frustrating 

circumstances. 

From a genetic point of view, the significance of suicide as a particular form 
of human behavior is reflected in the rather common tendency to impute the 
trait to the “fateful” dynamics of organic inheritance in man with practically 
the same complacent eagerness as has always been true with respect to another 
outgrowth of civilization associated with generally unpleasant connotations, 
namely, congenital syphilis. In many theoretical discussions about the relative 
importance of genetic and environmental factors in human personality develop- 
ment, suicide is likely to be conceded as the least disputable example of a 
trait determined largely by heredity, while accidental death is often found 
to be the favorite choice of a condition attributed to strictly environmental 
influences. 

Our first attempt to probe the infinite scope of the human equation of 
suicide by means of the twin study method was undertaken in 1946 (Kallmann 
& Anastasio, 1947). The main objective of this investigation was to obtain 
pertinent information about the usual scheme of causation of self-destructive 
acts. However, instead of providing some positive evidence concerning common 
suicidal motivation, the study resulted largely in focussing attention on the 
motivational complexity of truly intended and successfully executed acts 
of self-destruction. 
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Our analysis was based on the histories of 17 twin suicide cases, six of which 
had been found in the literature. Despite the limited size of the available 
material, the statistical result was remarkably plain and distinctly in contrast 
to popular expectation. Apart from certain exceptional cases of ceremonially 
disguised or politically dictated forms of simultaneous execution, as well as 
some rare suicide pacts of two twin partners, it was clearly established by the 
previous investigation that suicide either was not likely to be committed by 
both members of a twin pair or, at least, had not been recorded as such in 
modern times. 

Of the original total of 11 discordant twin suicide cases observed in our own 
series, three occurred in monozygotic, and eight in dizygotic twins. In ret- 
rospect, we were unable to find a tangible indication in any of the apparently 
voluntary cases that the suicidal twin had a clearer motive or a better oppor- 
tunity to commit suicide than seemed true for the survivor. In fact, in at 


TABLE 1. ZYGOCITY AND SEX DISTRIBUTION OF ALL RECORDED TWIN SUICIDES 


MONOZYGOTIC DIZYGOTIC | ALL TWIN 
TWIN SUICIDE CASES } SUICIDES 
Male | Female Male Female | “S00eDsD 
Reported by other investigators............. | 4 %2 _ 1 e 
Included in the present study 
With history of psychosis.................] 2 3 5 2/ w.2 
Without history of psychosis..............| 2 | 1 4 5 12 
| 
8 | 6 | 9 31 


* Including 4 members of 2 possibly concordant pairs. 


least three of the dizygotic pairs there was reason to believe that personal 
achievements and general life conditions had usually been in favor of the 
suicidal twin. The consistency in discordant behavior with respect to suicide 
was especially impressive in the monozygotic pairs, since their records revealed 
pronounced similarities in basic emotional patterns, type of personality, cul- 
tural setting, social frustrations, and even in the depressive features of their 
psychotic histories. 

In the meantime, our consecutive series of twin pairs discordant as to suicide 
has grown in size as well as in observation time. As is tabulated in table 1, 
the present number of solitary twin suicides, reported to our New York State 
survey and thus readily available for continuous follow-up observation of the 
surviving twin partners, has reached a total of 24 sets. An additional discordant 
case has been placed on record by Vogt and his collaborators (1939). Their 
collection of monozygotic twins in the higher age groups included a pair of 
schizophrenic twin sisters, one of whom ended her life by suicide after what 
was described as “complete recovery” from her psychosis. Since four of the 
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older cases reported by other investigators were either suicide pacts or ques- 
tionable in their authenticity, the present total number of twin pairs with 
suicide of only one member consists of 10 monozygotic and 17 dizygotic sets, 
an increase of 14 sets. In 23 pairs included in our own survey, the cotwins 
survived beyond the crucial age period in which the suicides of their twin 
partners occurred. 

The sex distribution of our complete series has reverted to a sex ratio, 
which is distinguished by an excess of males over females (13 males to 11 fe- 
males) and now corresponds more closely with statistical expectation. The 
two groups of twin suicide cases with and without a previous history of psy- 
chosis continue to be equally distributed. The proportions of the preferential 
suicide methods (poisoning, drowning and hanging) have also remained un- 
changed. The psychiatric classifications of our psychotic twin suicide cases 


TABLE 2. DIFFERENTIAL AGE DISTRIBUTION OF SUICIDAL AND SURVIVING TWIN PARTNERS 


MONOZYGOTIC PAIRS DIZYGOTIC PAIRS 
AGE GROUPS 


(Years) 


Suicidal Twin Surviving Twin Suicidal Twin Surviving Twin 


15 to 29 
30 to 44 
45 to 59 
60 te 74 
75 to 99 


Average age in years... 44.8 52.6 47.5 62.8 


Mean difference in 
years of survival*.... 7.9 16.9 


* Total mean difference: 13.5 years. 


include 4 histories of manic-depressive psychosis, 5 histories of involutional, 
arteriosclerotic and alcoholic psychoses, and 3 histories of schizophrenia. 

The differential age distribution of the suicidal and surviving twins of our 
survey is shown in table 2. The ages at which the suicides occurred ranged 
from 24 to 69 years in the monozygotic twin cases, and from 26 to 85 years 
in the dizygotic cases. The average age reached by the suicidal twins was 44.8 
years in the monozygotic group, and 47.5 years in the dizygotic group. Accord- 
ingly, the total life span which has so far been available to the surviving twins 
from the time when the cotwins took their lives, amounts to an average of 
13 years and 6 months, since the mean difference in survival is close to 8 years 
in the monozygotic group, and almost 17 years in the dizygotic group. The 
total range is from 1 to 11 years in the former group, and from 1 to 49 years 
in the latter group. In spite of these long time intervals which have elapsed 
by now, and although some of the survivors would seem to have had sufficient 
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reason to find life just as unbearable as their cotwins did, all of our twin pairs 
under observation have remained discordant as to suicide. 

Instead of rendering a lengthy comparative account of the histories of all 
discordant twin pairs, it may suffice to describe a few typical sets of cir- 
cumstances under which the partners of monozygotic index cases have survived. 


The survivor of the A. twins (fig. 1) is now 73 years old and fully retired, living most 
of the time at the homes of different relatives. He is more religious than ever and still clearly 
depressed, but he seems resigned to the loss of his twin brother who drowned himself in 
1938. Like the deceased twin, he has been moody, sentimental, and apprehensive. He has a 
similar history of arrested tuberculosis, hypertensive disease, recurrent depressions, and 
severe marital maladjustment, and he certainly has ample justification for being dissatis- 
fied with the degree of his economic security and professional achievements. His pliant state 
of humility is well characterized by a quotation from a recent letter in which he described 
his lonesome life as follows: 


| 


“My happiest experience is the morning hour from 6 to 7, which I spend reading the 
Bible and praying, and my growing conviction is that the person who most dares to expose 
his soul daily. to the Word of God is he who will most determine the intellectual, moral and 
spiritual trends of generations to come.” 

The interim developments in the history of Mary, the surviving member of the N. twins 
(fig. 2), were distinguished by even greater traumatic potentiality. The original similarities 
included a very poor home background, severe acne, and a catatonic type of schizophrenic 
psychosis which responded well to insulin treatment. Following Nelly’s suicide in February 
1944 and the sudden death of the mother a few months later, Mary kept house for her father 
until he remarried and abruptly withdrew his support from her. She left his home when, 
according to her own report, “he hurt her very much by coming out with the statement that 
he expected her to commit suicide like Nelly did.” She continued to feel very guilty about 
her twin sister’s death, went through an unhappy love affair with her employer, and lost 
her job as a waitress when her acne condition recurred. She spent all her savings for der- 
matological treatment and the support of a brutal and shiftless suitor, whom she married 
against advice and her own better judgment after she had become pregnant. Although the 
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Fic. 1. The A. Twins at age 22 yr. 
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child died at birth and her husband deserted her several times, she made every possible ef- 
fort to live with him and keep him out of trouble. Last year she followed him to the West 
Coast where she was stranded without support for several months. According to most re- 
cent reports, her experiences have continued to be a notable record of the extent to which 
human life is adaptable to adverse circumstances. 


Fic. 3. The R. Twins at age 9 yr. 


The histories of a third pair of monozygotic twins (fig. 3) may serve to show that the 
apparent irrationality and explosive impulsiveness of certain suicidal acts may reach a 
point where suicide would seem to have been committed by the wrong twin. The R. twins 
grew up together in a small upstate community and for many years appeared inseparable as 
well as indistinguishable, sharing the questionable reputation of boisterous, violent and 
completely unrestrained philanderers who indulged heavily in alcohol. 

Following his marriage into a stable and substantial family at the age of 30, Richard 
discontinued his excessive drinking, became a successful businessman, and str‘ctly adhered 
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to the life of a popular and highly respected member of his community. He enjoyed appar- 
ently good health, worked hard, seemed jovial and fully contented, and never showed any 
signs of uneasiness or depression. When he committed clearly intentional suicide at the 
age of 54, the motivation of his act was inexplicable to every one, since his family life was 
happy, his business prosperous, and his social status appeared free of any personal problem. 

The twin brother remained single, never reformed and continued to decline socially along 
the pattern of a shiftless and irresponsible alcoholic. He left his home town after Richard's 
death, and since that time has failed even more plainly to free himself from the repercus- 
sions of his frustrated existence. However, it may have been this very lack of self-restraint 
in availing himself of the potentialities of illusive escape provided by alcohol, which some- 
how enabled him to survive his twin brother, whose social position and family responsibilities 
apparently prevented him from the use of equally unrestrained outlets. 

By contrast, the life records of the W. twins, Willard and William, another monozygotic 
pair (fig. 4), matched in all essential aspects till senescence, except for a slight limp which 
Willard retained from a childhood accident. The twins were brought up on their father’s 


Fic. 4. The W. Twins at age 18 yr. 


prospering farm, attended the same schools, were equally popular, and went into business 
together. They held similar positions with the same degree of discretion and efficiency and 
were active in church work and community affairs, although inclined to be tense and some- 
what morose in their outlook on life. Remaining closely attached to one another despite 
numerous personal arguments, they continued to live under the same roof even after their 
equally conventional marriages, which were childless but apparently harmonious. 

Following an uncomplicated goiter operation at the age of 50, William distrusted his 
ability to regain sufficient physical strength and began to show symptoms of moodiness, 
listlessness and discontentment. He worked less regularly than Willard, antagonized many 
people around him by increasing querulousness, and frequently talked of the desirability 
of suicide. Nevertheless, he surprised everybody when he ended his life by shooting himself 
through the head, three days before his seventieth birthday. 

A few months later, Willard’s wife developed a severe cardiovascular disorder, which 
soon led to her death and further aggravated his own state of despondency and loneliness. 
He has remained dejected and disconsolate ever since, bemoaning his cheerless and misan- 
thropic life and talking of suicide upon the slightest provocation. However, he is 82 years old 
at the present time and still works during the season and around the house 
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The general significance of the observation, that monozygotic twin partners 
seem entirely disinclined to establish concordance as to suicide, is evident 
biologically as well as psychologically. It is also clear, however, that the 
apparently consistent disinclination of twins to behave concordantly in rela- 
tion to suicide is open to completely different interpretations. 

One hypothetical explanation would be that concordance as to suicide 
does not occur in twins, because the surviving partner may be immunized 
psychologically against yielding to any self-destructive trends. It may be 
postulated, for instance, that self-destruction as a possible solution is no longer 
available to the survivor on account of painful and deterrent memories of the 
closely observed circumstances incidental to a suicide or because of the sur- 
vivor’s tendency to identify himself so completely with his suicidal cotwin 
that he is not able any more to feel or to act like a living person. In other 
words—but without a change in the semantic context of this hypothetical 
allegory—the basic implication of a shocking and overpowering identification 
mechanism would be that it prevents an already deceased individual from 
“taking his life a second time.” 

Another psychological explanation might be based on the popular psycho- 
dynamic theory that a suicidal act results from a regressive state of dejection 
and introjective aggressiveness following the presumably irrecoverable loss 
of a love object and consequent ambivalence toward it. The psychological 
inference would be that no one commits suicide who is not obsessed by the 
urge of punishing another person to the extent of wanting to annihilate him- 
self instead of the hated object. If applied to the strong attachment formed 
by twin partners, this concept would imply that persistence and ambivalent 
intensification of sibling rivalry in adult life create the most powerful motive 
for self-destruction in the first members of sibship pairs who cannot detach 
themselves from an especially competitive situation. It would follow, then, 
that the suicide of the first twin partner is bound to lead to such a dramatic 
relief of a chronic state of tension that the survivor would find himself deprived 
not only of a suitable object for further competition and projection, but also 
of a sufficiently strong motive for his own suicide at a later date. 

Neither explanation impressed us as satisfactory in our previous analysis. 
At that time, however, only one of them, namely, the hypothesis based on the 
phenomenon of identification, could be rejected with any degree of certainty. 
According to this hypothesis, one should expect that all the surviving twin 
partners tend to identify themselves with their deceased cotwin and, therefore, 
would be protected from suicide even if the death of the partner had been due 
to causes other than suicide. However, there is no evidence to substantiate 
this presupposition, nor is there any reason to question the ability of twins 
to readjust their lives to the ordinary conditions of single-born persons following 
the loss of their partners. In fact, our survey includes several pairs in whom 
one member committed suicide after his cotwin had died of natural causes, 
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and we know of even more instances in which surviving twins made a very 
satisfactory adjustment to the realities of a solitary life. 

The inadequacy of the other explanation was much more difficult to demon- 
strate. Its emphasis was on the factor of intensified sibling rivalry as the 
principal cause of one twin partner’s self-destruction, and on the cotwin’s 
immunity to suicide following elimination of the ambivalent sibling relation- 
ship. The obvious corollary of this hypothesis would be, however, that “only 
children” can be shown to have a significantly lower suicide rate than is found 
in persons of the same age group, who had at least one sibling while they 
were alive. Unless complete lack of a sibling materially reduces the chance 
of self-destructive acts, neither the persistence of sibling rivalry nor the 
possession of a thoroughly hated relative can be regarded as sufficient to 
explain the commitment of homicide or suicide. 

When our previous investigation had reached this crucial point, we were 
first inclined to take the common occurrence of suicide in only children 
more or less for granted. However, as soon as we attempted to substantiate 
our presumption by means of some available histories, the technical and 
statistical difficulties of the problem became immediately apparent. We neither 
succeeded in verifying more than a few isolated cases of suicide in persons 
who had definitely no siblings nor were we able to obtain adequate information 
about the general expectancy rate of such cases. We decided, therefore, to 
keep the entire question of suicide in only children in abeyance in order to 
gain time for the procurement of reliable data from a statistically representa- 
tive sample. 

In collaboration with the Office of Vital Statistics of the New York State 
Department of Health, this additional investigation has meanwhile been 
completed. The data collected appear interesting enough to warrant recording 
for the purpose of similar comparative studies. 

Since the principal statistical aim of this analysis was to determine whether 
suicides are more or less common among only children than among persons 
with brothers or sisters, we investigated the death and birth certificates of 
an unselected sample of 492 suicides certified in the State (outside of New 
York City) between January 1944 and May 1946. In view of the fact that the 
registration of births with the State Department of Health became effective 
only in 1880, the analysis was limited to residents of the State, who were 
born in upstate New York and were under 65 years of age at the time of 
death. This procedure reduced the available number of suicides with corre- 
sponding birth and death certificates to 296 recorded cases, that is, to 60.2 
per cent of the entire sample. 

In 243 of the 296 index cases examined for the number of children ever 
born to their mothers, it was possible to establish immediately that the suicidal 
members of the given sibships had not been only children, because there 
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had been previous siblings. The possibility, that some siblings born previously 
might have died prior to the birth of the index cases, appeared negligible for 
the purposes of this investigation. Even forty or fifty years ago, infant mortal- 
ity did not exceed a rate of one per cent, and many of the births were to 
mothers who had already had several children. 

The group of possible only children among the index cases was now dimin- 
ished to 53 suicidal persons (17.9 per cent), who had been the first children 
born to their mothers. A further reduction to 39 index cases took place when a 
search was made for subsequent siblings born during a three-year period fol- 
lowing each birth. The histories of the remaining group of 39 index cases who 
still were possible only children were investigated through personal visits to 
surviving members of the given families. | 

In this manner it was definitely established that 12 suicidal index cases had 
been only children, while additional siblings were found in 7 cases. No adequate 
information was obtained with respect to the remaining group of 20 suicides, 
since we could not locate a person familiar with the histories of the given 


TABLE 3. WHITE WOMEN 45-74 YEARS OF AGE BY NUMBER OF CHILDREN EVER Born; NEW York 
STATE, ExcLusIvE oF New York City, 1940 


45-49 YEARS | 50-74 YEARS 
Number with one child only............... 28,220 87,580 
Total children born to these women................... 433,020 1,357,480 


families. However, it can be stated with certainty that our sample of 296 
suicides included at least 12 persons, or 4.1 per cent, who were only children, 
while the maximum possible number would have been 32 cases, or 10.8 per 
cent. 

The aim of the next step of the analysis was to determine the expected num- 
ber of only children to be found in a sample of 296 deaths. Unfortunately, no 
statistical data were available regarding the number of only children in the 
general population according to age. However, the fertility tables of the 1940 
census (Cf. References) provided some tabulations according to the number of 
children ever born to mothers of various ages. From these tables it was possible 
to compute the percentage which only children formed of all children born to 
mothers surviving at these ages. This figure is 6.5 per cent, if the computation 
is limited to white mothers between the ages of 45 and 75, who were living in 
upstate New York (table 3). 

The standard deviation of 6.5 per cent in a sample of 296 cases is 1.4 per 
cent. In other words, if the rate of only children were the same among per- 
sons who committed suicide as it may be assumed to be among the members 
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of the general population (as represented by the children of mothers for whom 
comparable data were obtained at the 1940 census), the percentage in succes- 
sive samples of 296 cases would vary between 6.5 minus 2.8, or 3.7, and 6.5 
plus 2.8, or 9.3. Since the minimum rate of only children in our sample has 
been found to be 4.1 per cent, this rate is clearly above the expected minimum. 
The maximum rate, which at 10.8 per cent must be regarded as obviously too 
high, exceeds the expected maximum only by a negligible margin. 

As a control, another approach can be used in order to determine whether 
the number of first children among suicidal index cases is higher or lower than 
is to be expected. The supposition is that if the proportion of only children 


TABLE 4. COMPARISON OF THE PROPORTION OF FIRST CHILDREN IN SUICIDE DEATHS AND DEATHS 
FROM OTHER CAUSES 


DEATHS FROM SUICIDE DEATHS FROM OTHER CAUSES 
AGE AT DEATH Total First Children Total First Children 
(Years) 
No. No. Per cent No. No. Per cent 
m a pr "3 a: 
15 to 19 21 o 19.0 12 2 16.7 
20 to 24 20 6 30.0 28 6 21.4 
25 to 34 58 11 19.0 26 5 19.2 
35 to 44 82 13 15.9 49 10 20.4 
45 to 54 81 11 13.6 65 5 i 
55 to 64 34 8 vB 80 17 21.3 
ABO. «00060055 296 53 17.9 260 45 17.3 
Analysis of differences (p:-p2) in proportion of first children among suicidal deaths and other deaths: 
Sum of for 6 separate age-at-death 2.280 6 
Over-all difference (all age groups combined)............................ 0.034 1 >0.80 


among suicides were significantly reduced, the proportions of first births among 
them should be correspondingly low. 

With respect to this procedure, more comprehensive comparative data were 
available, namely, the birth certificates for persons who died from causes other 
than suicide (table 4). The sample of control cases used in the analysis con- 
sisted of 426 death certificates recorded in June 1946. These cases were in- 
vestigated in the same manner as had been the suicide records. After corre- 
sponding birth certificates had been found for 260 index cases (61.0 per cent 
of the total), it was established that 45 of them, or 17.3 per cent, had been first 
children. The corresponding proportion for suicidal index cases was 17.9 per 
cent. 

In order to test the significance of the difference between the proportions 
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of first children in the two samples, it was necessary to take variations in age 
at death into account. Since suicidal persons as a group tend to be younger 
than are those dying from other causes, the decline in the birth rate made it 
inevitable that the number of children ever born to a mother depended partly 
on the year in which an index case was born. If this factor is taken fully into 
consideration (table 4), there appears to be no significant difference between 
the proportions of first children included in the two samples. 

On the basis of these findings it finally is justified to conclude that the num- 
ber of only children among persons with self-destructive tendencies does not 
differ significantly from the expected number as deduced from data available 
with respect to the general population. Evidently, only children are neither 
more likely nor less likely to commit suicide than are any other persons, in- 
cluding those who had an opportunity to perpetrate sibling rivalry or to develop 
identification mechanisms in intimate sibship relations. 

In view of the impossibility of interpreting the observation of suicidal dis- 
cordance in twin pairs on strictly psychological grounds, we must search for 
other explanations. Such explanatory factors may be either statistical] in nature 
or related to the methodology of suicide. 

It may be suggested by some one not quite familiar with the extent of the 
modern literature on twins, that suicidal concordance of monozygotic twin 
partners has not been observed because it has not been recorded with sufficient 
regularity, especially when the twin suicides occurred at different times and 
widely different places. However, it never seemed probable that concordant 
behavior of twin partners with respect to suicide should not have been of 
sufficient interest to some observer to instigate publication or a direct note to 
our survey, and this improbability has practically become an impossibility 
since the time when our first report on twin suicides appeared. As far as we 
know, there are no other concordant twin observations including accidental 
death at different times, which have not been recorded, nor is there any reason 
to believe that the suicides of twin partners would arouse less interest than is 
true of simultaneous deliveries or tonsillectomies of twins. In any case, we 
have not received either a personal communication or any other piece of infor- 
mation that would require a revision of our previous statement that suicide 
does not seem to occur in both members of a twin pair. 

It would be equally inappropriate to explain this apparent discordance as to 
suicide on the basis of a generally reduced prevalence of self-destructive acts 
in persons who are twins. The previously recorded sample of 296 suicides in- 
cludes 4 individual members of twin pairs with a surviving partner. This pro- 
portion is in complete correspondence with statistical expectation. 

The only remaining explanation of sufficient plausibility is that the suicides 
of two twin partners are possible psychologically and thus are apt to occur, 
but that they are not directly related to one another even under similar condi- 
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tions of unfavorable family background, social frustration, or emotional mal- 
adjustment. If this theory is correct, concordance as to suicide will only be 
observed by chance and, therefore, will be extremely rare. Since neither twinning 
nor suicide tends to be especially common as such, and since some instances 
of suicide may not be recognized or recorded, the random observation of a 
similar cause of death in the cotwin of a suicidal index case is to be expected 
to be very uncommon within the limits of any available sample and a specified 
period of time. The number of twins born in the United States approximates 
2 per cent of all births, while suicides constitute a little more than 1 per cent 
of the total death rate. The annual number of deaths in the total population 
was 1,385,187 in 1942 and included 16,117 recorded suicides. 

More precisely, the probability that a male child born in the United States 
will eventually commit suicide is 1 in 50 under present conditions (Dublin & 
Bunzel, 1933; Dublin & Lotka, 1936). Births of male twins number approxi- 
mately 15,000 a year. About 300 of them (15,000 x 1/50) would be expected, 
therefore, to end their lives by self-destruction, if one assumes that twins 
survive childhood at the same rate as single-born children, that is, if one dis- 
regards a moderate increase in the infant mortality rate of twins. Provided 
that the chance of committing suicide is neither increased nor decreased for 
the partners of suicidal twins, the maximum random expectancy for this group 
of cotwins would be a total of 6 suicides (300 1/50). In other words, the num- 
ber of male twin pairs born in the United States, both members of which may 
be expected to be candidates for suicide at some time during their lifetime, 
should not exceed an average of 6 sets a year. 

Some of these suicides will be committed at widely different times and loca- 
tions, while others may occur under particularly obscure circumstances. Since 
the certifiable observation of these cases is not likely to fall within the limits 
of a state-wide survey such as the present, it seems justified to conclude that 
random concordance of twin pairs as to suicide, although not precluded by 
special biological or psychological laws, will be so rare in any given sample 
that discordance should be the expected rule. 

In any case, the established disinclination of the suicide rate to show any 
increase in concordance in a consecutive series of monozygotic twin pairs, 
even in those distinguished by pronounced similarities in social frustrations 
and psychopathological phenomena, may be regarded as sufficient to refute 
the possibility of a special genetic factor predisposing a person to the commit- 
ment of self-destruction. This refutation does not preclude the potential sig- 
nificance of family tradition, cultural custom or unusual social deprivation in 
playing a part in the concurrence of several suicides in a few selected family 
units. However, it evidently conflicts with the popular theory that the tendency 
to commit suicide runs in families as a hereditary trait. 

This theory has been based on generalized impressions or isolated casuistic 
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reports rather than on adequate statistical data, and it certainly disregards 
the possibility that a limited accumulation of suicides in some families may 
have been due to chance. For instance, it should be remembered in view of the 
figures quoted above that the probability of any two brothers committing 
suicide is (ss). Since there are about 1,250,000 male births a year in the 
United States, as many as 500 cases a year should be expected in which a man 
committing suicide has a brother who died in a similar manner. It is in ac- 
cordance with expectation, therefore, that occasional instances of a familial 
accumulation of suicides are observed and recorded. 

The implications of this statement make it possible to formulate a number 
of generally valid conclusions regarding the causation of suicide: 

(1). Biologically as well as psychologically it seems inadequate to apply 
simple analogies, inferred from the observation of ineffective suicide attempts, 
to the motivational dynamics of successfully executed acts of self-destruction. 
Some threats of suicide may actually be completed because they somehow suc- 
ceed by accident, and a few truly intended acts may be thwarted by an un- 
usual constellation of circumstances beyond the control of the dejected person. 
In the majority of suicidal cases, however, there is a distinct and apparently 
qualitative difference between the psychobiological mechanics of attempted 
and fully accomplished suicides. Effective self-destruction requires the sudden 
and complete suppression of the vital controls of self-preservation, while the 
human capacity for adaptation to stress and competition predominates in 
abortive acts. 

(2). As a rule, therefore, successful suicides cannot simply be explained by 
a certain type of personality and genetic constitution, or by a particular com- 
bination of social frustration and personal distress, or by the effect of a special 
psychotic syndrome. Each of these factors may be capable of playing an essen- 
tial part in the causation of certain acts of suicide. However, they cannot be 
expected to lead invariably to a final choice of suicide even if all of these factors 
happen to coincide in a potential candidate for self-destruction. The main 
exception concerns essentially involuntary acts of self-destruction enforced by 
religious custom, political compulsion, or other severe threats of an apparently 
irresistible force. According to a preferential system of classification offered 
by Nolan D. C. Lewis (1933-34), most of these cases should be regarded as 
ceremonial or politically enforced forms of capital punishment. 

(3). The main psychiatric inference to be drawn from a study of suicide in 
an unselected series of twin pairs may be seen in the conclusion that completed 
suicidal acts on a progressive cultural level seem best defined as a compulsive 
and certainly abnormal type of short-circuit reaction of a person in distress. 
The psychopathology of this reaction may be described as an unusual “twilight 
State of self-destructive ecstasy” in response to the inability to adjust to the 
pressure of adverse life conditions. The release of a truly intended self-de- 
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structive action is the outcome of such a peculiar combination of motivational 
factors as to render a duplication of this complex high-tension state very un- 
likely even in identical twins who show the same type of mental] disorder and 
a very similar degree of social privation. 

(4). The high-tension state required for the release of a suicidal trigger 
mechanism is uniform only as to the finality of its biological effect, but not in 
the composition of the various motivational factors which may be involved. 
It is safe to assume, however, that a gradual accumulation of tension is neces- 
sary for the final release of this trigger mechanism even in those suicides which 
appear carefully prepared. 

(5). There is no statistical evidence for the popular notion that the tendency 
to commit suicide recurs in certain farailies as the result of a special hereditary 
trait or of a particular type of genetically determined personality deviation. 
The observation of occasional instances of a familial accumulation of suicides 
seems as much in accordance with statistical expectation as is the relative 
rareness of the random finding of suicides committed by two members of a 
twin pair, either monozygotic or dizygotic. 

(6). There is no reason to believe that the emotional tension state giving rise 
to the activation of an effective suicidal impulse is influenced materially by 
such particular psychological mechanisms as intensified sibling rivalry or spe- 
cial identification phenomena occurring in twins. Of particular interest is the 
observation that the suicide rate of only children does not differ significantly 
from that of the general population or from that of twins. The conclusion to 
be drawn from this finding is that neither the overprotected position of only 
children nor the intensified competition between twins appears to result in an 
increased vulnerability to suicidal impulses. 
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Heredity of the Rh Blood Types 


viii. Additional Family Studies, with Special Reference to 
Factor rh” 


ALEXANDER S. WIENER, EVE B. GORDON, AND LILLIAN HANDMAN 
Serological Laboratory, Office of the Chief Medical Examiner, New York City 


THIS paper represents a continuation of studies on the heredity of Rh types. 
In previous papers of this series observations were reported on a total of 723 
families with 1249 children; in this report an additional 200 families will be 
described. In each succeeding paper of the series, the complexity of the in- 
vestigations has increased as more and more Rh and Hr antisera became avail- 
able for use in our routine work and in the family studies. In the present study, 
all bloods have been tested with sera of specificities, anti-Rho, anti-rh’, anti-rh”, 
and anti-hr’; most were tested with anti-hr” serum, while 46 of the families 
were also tested with anti-rh¥ serum. 


MATERIALS AND METHODS 


As in previous studies, the families tested represent principally clinical cases which had 
been referred for antenatal Rh-Hr tests and for Rh antibody titrations, or which were studied 
because the mother had given birth to a baby with jaundice and anemia, or had an obstet- 
rical history of stillbirths or neonatal deaths suggestive of erythroblastosis. This accounts 
for the marked excess of types rh, rh’, rh’’, and rh’rh’’ among the mothers in the family 
material presented. The Rh-Hr tests were carried out in the usual way by the tube agglutina- 
tion method, while the A-B-O and M-N tests were carried out on a well-slides as described 
in previous papers. The authors are indebted to Dr. B. Broman for the anti-rh¥ serum which 
was used for testing the last 46 families of the present series. 


NOMENCLATURE 


Since the previous papers were written, there has been considerable increase 
in knowledge and understanding of the serology and genetics of the Rh-Hr 
types, particularly in regard to the so-called “intermediate” Rh factors (Wie- 
ner, 1944; Unger & Wiener, 1949) and the factor rhv or C¥ of British investi- 
gators (Callender & Race, 1946; Race et al., 1948; Wiener & Gordon, 1949; 
Wiener, Unger & Mazzarino, 1949). In view of the newer findings, there is no 
further reason for using duplicate systems of notations for the Rh-Hr types. 
Thus, there now exists an international nomenclature (Wiener 1949b) for the 
Rh-Hr types just as there is for the A-B-O groups and M-N types. 

For convenience of reference, there is presented in table 1 a summary of the 
evolution of the knowledge of the Rh-Hr types as more and more Rh and Hr 
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antisera were discovered. The serum, anti-Hro, which was the last to be found,}* 
is of considerable practical importance but unfortunately is still not available 
except in the laboratories of the discoverers. Table 1 does not include the rhv 
factor or the “intermediate” Rh factors, which have been deliberately omitted 
in order not to complicate the picture too greatly. 

In the present state of knowledge, the following nine Rh genes have been 
completely identified: r, r’, r”, R®, R', R?, R*, and R'’. Taking only the first 
eight genes into consideration, as many as 36 different genotypes are theoreti- 
cally possible, which are listed in the last column of table 1. These 36 genotypes 
differ widely in their incidence in a population, due to the considerable differ- 
ences in the gene frequencies. Thus, some of the genotypes are so rare that for 
practical purposes they may be disregarded. The rarest genotype is r’r’, which 
theoretically occurs only once among every 100,000,000 Caucasians. Moreover, 
the actual serological tests do not identify genotypes but phenotypes, and the 
number of phenotypes which can be distinguished depends upon the number of 
antisera used in the actual serological tests. Thus, when only the original anti- 
Rho serum (or “standard” Rh serum) is used only two phenotypes are dis- 
tinguishable, while antisera rh’ and rh” increase the number of phenotypes to 
eight. Further, when hr’ and hr” antisera are used, the number of distinguish- 
able phenotypes is increased to 18, while the addition of anti-Hro serum 
increases the number of phenotypes to 27. Thus, there is not a one-to-one 
correspondence between phenotypes and genotypes, and to make a precise 
genotype diagnosis on the basis of the serological tests alone is bound to lead 
to serious mistakes. In the International Nomenclature of the Rh-Hr types, 
therefore, distinctive designations are employed to differentiate phenotypes 
from genotypes, and it is possible to tell from the phenotype name exactly 
which of the antisera were actually used in the tests and what reactions were 
obtained. 

In a few cases it is possible to infer the exact genotype from the phenotype. 
For example, under the theory of multiple alleles, all bloods of phenotype rh 
belong to genotype rr, all bloods of phenotype rh’rh belong to genotype 7’r, etc. 
(see table 1). In most cases, it is necessary to supplement the serological test on 
the individual with additional tests on his family in order to diagnose the exact 
genotype. And in some cases, even this supplementary information is not ade- 
quate to permit an exact diagnosis of genotype. For example, it is important 
from a clinical standpoint to bear in mind that type Rhirh individuals are not 
always heterozygous for the Rh» factor. This is especially important when fore- 
casting the outcome of future pregnancies of sensitized type rh women with 
type Rhirh husbands. If one of the husband’s parents or if any of his children 
belong to type rh, this is proof that he is heterozygous (genotype R'r). On the 
other hand, if such a man has one or more children of type Rho and others of 
type Rh, then his genotype must be R'R°, and for clinical purposes he should 
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TABLE 2. List OF FAMILY MATERIAL 


FAMILY NO. | 


FATHER 


A,MRhirh 


A,MNRh, Rh, 


| AAMRh,Rhy 


OMNRho 
OMNRh,Rh, 
BMRh,Rho 
BMNRh,Rho 
A:MNRh, Rh, 
A:MNRh;rh 
A:NRhrh 
OMNRh,Rh, 
A:MNRhirh 
AiMrh 
OMNRhirh 
OMNRhirh 
A, BMRh;rh 
A, BMNRhirh 
AiMNRh,Rho 
ONRh,Rho 
OMRhirh 
A,MNRh, Rh; 
A:MNRh,Rho 
OMNRh,Rh; 
BMRhorh 
Ai,MNRh,Rh2 
OMNRhIyrh 


A,BMNRh, Rh, 


BMRh; 
OMRhirh 
A:MNRh;rh 
ONRhirh 
OMRhirh 
OMNR1L,Rh 
A\MNRh Rh 
OMNRhirh 
OMrh 
OMNRh,Rho 
A,MNRhirh 
BMNRh Rh; 


ONRherh 
BMNRh,Rho 
OMNRhyrh 
A:,MNRh, Rh; 
OMNRhirh 


| 


MOTHER 


CHILDREN 


OMrh 
OMrh 
OMNrh 


A,MNrh 
OMrh 
OMRh,Rhpo 
AiMNrh 
ONrh 
A:sMRh, Rh; 
AiMrh 
OMNrh 
AiMrh 
BMrh 
BNrh 
A:iMNrh 
OMRh,Rh; 
BMNrh 
OMNRhiyrh 
AiMNrh 
BMrh 
ONrh 
A;Nrh 
OMNRh,Rhpo 
BMNrh 
OMrh 
A:NRh,Rhg 
BMNRhyrh 
A,MNrh 
A:MNrh”’ 
AiMNrh 
A,MNrh 
OMNRhirh 
AiMNrh 
A:Nrh 
ONrh 
A,MNRhirh 
OMRh,Rh, 
OMNRh Rh; 
ONrh 
A,Nrh 


OMNrh’rh 
A:MNRhirh 
A:Nrh 
OMNRhirh 
AsMrh 


AiMrh 9? 
OMRhirh 
OMRhirh 
OMRhirh 9 
AMNRho 
OMNRhirh 
BMRh,Rho 


A:.MNRhorh 
AiMNRhirh 
AiMNRh Rh 


A:MNrh 
OMRhirh 
OMrh 

A, BMrh 
ONrh 
OMRhirh 
BMRh,Rh; 
BMNrh 


AiMNRh,Rh 
AiMNRhorh 


OMNRhoerh 
OMNrh 
ONRhrh 
OMRh,Rho 
BMNRhirh 9 
OMrh 
A:NRhz 
ONRhyrh 
A:iMNrh 


A:,BMNRhirh 9 


A:BMNrh 
A,MRhyrh 
A,NRhirh 9 
OMNRhirh 
AoMNrh 9 


A:,MNRhirh 


OMNRh Rh 
OMRh; 

ONRh: Rh, 
OMNRhirh 9 


A:MNRhirh 9 


ONrh’th 


A:MNRh,Rho 


OMNrh 9 
A, Rhyrh 
AsMRhyrh 


A,MNRhirh 


ABMrh’rh 
A,MNrh’rh 


OMNrh 9 
OMRh;rh 


BMNRherh 9 


BMNrh 9 
AMRhirh fof 
A,NRhoerh 
OMNRherh 
OMNrh 


AsMRhRh, 
BMNRhirh 
9? 


Ai\BMRh: 9? 
AMrh 
OMNRhirh 9? 


OMNRB,Rho 


Ai\MNRhith 9 
A:BMNRhith 


OMRhirh 


ONRhyrh 9 


OMNRhirh 


OMNRhirh ? 


OMNrh’th 


A:MNRhrh 
AiMRh,Rh, 
OMRhirh 


OMNrh’rh 


| 

4 | | | 

5 | 

6 

7 | 

8 | | 

| 

10 | 

11 

12 

13 | | 

14} 

15 | | 

16 | 

17 

9 | 

20 

21 | 

22 

23 

24 | | 

25 | | 

26 

27 | | 

28 | 

29 | | 

30 | 

31 

32 

33 

| 

35 

| 

37 | 
38 | 
39 | | 
40 | | 
43 | 
44 


FAMILY NO 


| ONRh:Rhe 
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TABLE 2.—Continued 


FATHER 


MOTHER 


AiMNRh Rh; 
OMNRherh 
OMNRh,Rh; 
BMNRh,Rh; 
AiNrh 
AsBNRhRhz 
OMNRhkirh 
A:\BMNRhkyrh 
ONrh 
A:NRherh 
OMNRhirh 
OMNRh,Rh, 
A:NRho 
AiMNRh, Rh; 
OMRhRh; 
OMRh,Rh; 
A,:.BMRh,Rh; 
BMrh 
A,MNRhirh 
A,MRhirh 
A,\NRh Rhy 
A:MNRhyrh 
A,MNrh 
ONRh, Rh; 
ONRh;Rh; 
OMRh,Rho 
OMNRh|yrh 
OMRh,Ri; 
A:MNRhz 

A, MRhyrh 
BNRh:z 
OMRh:erh 
AsMNRh,Rho 
BMNrh 
OMRhyrh 
BMNRhRhi 
A:BMNRh; 
BMNRherh 
ONRhRhy 
A:BMRh, Rhy 
BNRh,Rhi 
ONRh,Rh; 
OMNRh,Rho 
A:.MNRh,Rho 


OMrh 
OMNrh 
BMrh 

BNrh 
A,MNrh 
BMNrh 
OMNrh 
A:Nrh 
A,BMNrh 
BNRh,Rh; 
AiNrh 
AiMrh 
ONrh’rh 
BMNrh 
OMNrh 
ONrh 
A,MNrh 
OMrh 

A, BMNrh‘th”’ 
A:BMNRh, 
OMNRh,Rho 
AiMrh 
OMNRh,Rho 
OMNrh 
OMrh 
A,MNrh 
OMNrh 
OMNrh 
AiMNrh 
OMNrh 
BMrh’rh 
OMNrh 
A:BMNRh,Rh; 
A:,MNrh 
OMNRh, Rh, 
A,Mrh 
A,MNrh’rh 
OMNRherh 
OMrh 
AiMrh 
A:sMNrh 
OMNRh,Rh,; 
BMrh 
A:eMNrh 
OMNRherh 


| AiMRherh 


OMNRInrh 


OMRhirh 9 
OMNRhoerh 
BNRhirh 9 
ONRh,rh fof 
BNrh 
A:MNRh; 
OMNRho 


A:BMNRhrho" 


ONRhrh 
AiNrh 
Ai.2MRhyrh 


OMNRh,Rh,; 


BMNRh) 

AiMNRhirh 9 
OMNRhiyrh 
OMNRhirh 
AiMRhirh 

AiMRh,Rh: 
BMRh: Q 


AiMNRhRh 


AiMrh 2 
ANRhRh 
OMRhirth 
AMNRhp 
OMNRh;rh 
A:MNRh: 
OMNRhirth 
OMRhirh fot 
A, MNRhrh fot 
A:MNrh 
BMNRI: 
AsMNRhyrh 
AiMRh: 
BMRhirh 
AiMrh 9 
OMNRhRh 
BMNRh; 
OMRherh 9 
A:.MNRhyrh 


AsBMNRhirh 


BNRh,Rh; 

OMNRhirh 9 
OMNRhyrh 
A:,MNRhorh fot 


A,MNRh:Rh: 


CHILDREN 


OMNrh 9 


BMNRhirh 
ONRh,rh 
AiMrh 
ONRh; 9 
A:MRhirh 
OMNRhirh ? 


OMNRhiyrh 


AiMRh,Rho 
AiMRh:; 9 


OMNRhirh 


OMNRhirh 9 
A:Mrh fof 


BMrh’rh 
BNrh 9? 


BMNRhyrh@* 


BMNRh; 
BMNRhgrh 


BMNRhith 9? 


ABNRhyrh 


ANrh 
AsMNrh 


ONRh,Rho @ 


131 
| 
47 | 
48 
49 | | | 
50 | | 
51 | 
52 | | | 
| 
54 
56 | | 
| | 
5 | 
| | | 
61 | | 
62 | | 
63 | | 
64 
| | 
66 | | | 
67 | | 
68 | | 
69 | 
0 | | 
71 | 
72 
73 | | 
74 | 
75 | 
77 } 
79 | | 
80 
81 
82 | 
83 
84 | | | 
85 | 
| 
87 | 
88 | 
89 | 
90 
91 
92 | 
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TABLE 2.—Continued 


FAMILY NO. 


FATHER 


OMRh,Rh; 
OMRh;rh 


OMRh,Rho 
A,MNRhirh 
A:MRh, Rh, 
AiMNRh,Rh; 
A,NRh, Rh, 
ONRhyrh 
BMNRh,Rh, 
OMRh; 
A:MNRh,Rho 
ONRhgrh 
A,NRhrh 
A:MNRho 
ONRh, Rh 
ONRh; 
A:MRh,Rho 
Ai,MRh,Rho 
A:BMRho 
OMRhIyrh 
A,MRh,Rh 
AiMrh 


A:MNRh,Rh, 
ONRhirh 
A:MRh,Rh, 
A,MNRh, Rh 
A,NRh, Rh 
OMNRhirh 
ONrh 
A:MRhyrh 
A:MNRh, Rh; 
A:NRh,Rho 
OMRh:rh 
ONRhirh 

Ai NRhgrh 
ONRhirh 
OMNRho 
OM Rhrh 
A,BMRhyrh 
A: NRhyrh 
OMRh, Rh, 
OMNRhirh 


MOTHER 


OMNrh 


BMNRhirh 
BMrh 
A:MNrh"’rh 
ONrh 
ONrh 
A,Mrh 
AiMrh’‘rh 
AiMrh 
OMNrh 
OMNRh Rh 
AiMrh 
A,MNrh 
Ai,.MNrh 
ONrh 

A\M rh 
AiMNrh 
OMNrh 
A,Nrh 
BMNrh 
OMrh 
OMNRhirh 
ONRh,Rh; 


OMRhirh 

OMNrh 

OMrh 

AiMrh 

OMNRh,Rh,; 

A,MRh,Rh, 

BNrh 

| A: BMrh 

} A:MRhyrh 

A,Nrh 

ONRh,Rh; 

A,Mrh 

OMNrh 

| OMrh 

| BMNrh 

| ONrh 

| A:MNrh 
A,MNrh 

| OMNRh,rh 

| OMrh 

| 

| 


A,MNrh 
OMrh 


A:BMNRh,Rh;| Ai:MNRh,Rh, 


OMNRhyrh OMNrh 

| BMRh,Rho BMRh,Rho 
OMNrh BMRhirh 
ONrh”rh 9? A:MRh:Rh: 9 
A,MNRhirh 

ONRhirh 

OMNRhirh A,MNRhith 
OMNrh 

A:BMRhirth 9 ABMRhyrh 
OMNrh 

A:MNRh,Rho @ A:NRh,Rho 
A,MRhirh A,MRhrh fou 
ONrh AiNRhrh 9? 
A,NRhrh 

OMNRho OMNrh 9 
A:MNRhirh rots AMNRh)rh fou 
OMNRh; OMNrh 
AiMNRhrh @ A,:MRharh 
AMNRhirh 

BMRho 

OMRho 

AiMRhirh 9 

Ai\MNRhrh OMNRhiyrh 
A, MNRhyrh fof A,.MNRhyrh 9 
AiMRhirh ? 

ONrh 9? 

OMRhyrh 

A,MRhyrh rots A,MRhirh rots 

A,MNRhRh A:MNRbRh; 
OMNRhgerh OMNRhzrh 
BMNrh 

AiMRhyrh 

A,:NRhrh 

A:NRh,Rho 

OMNRhyrh 

OMNRhirh 9 OMNrh 9 
OMNRh:h AMNrh 
ONRhirh 9 

OMRhp 

AiMrh 9 

A,MRhirh 9 A,Mrh rots 
OMNrh 

AiMRhyrh OMRh;rh 


CHILDREN 


OMrh 


OMRh: 


ONrh” 


OMNRh,Rh; 


ONRhyrh ? 
A,Nrh 


OMNRh; 
AMNRh; 


A:MNRhirth 


BMNRbhyh 


OMNrh 


132 
| | 
| 
94 
95 — 7 
96* 1 
97 1: 
98 1 
99 1: 
100 1 
101 1 
102 1 
103 1 
104 1 
105 1 
106 1 
107 1 
| = 
109 1 
110 1 
112 
113 
114 
115 
116 
117 | 
118 
119 | 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 | 
133 | 
134 | 
135 | 
136 | 
137 | 
138 | 
139 | 
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TABLE 2.—Continued 


| FAMILY NO. 


154 
155t 
156t 
157t 
158t 
159+ 
160t 
161t 


162t 
163t 
164t 
165t 
166+ 
167+ 
168t 
169+ 
170t 
171t 
172+ 
173+ 
174t 
175+ 
176t 


177t 
178+ 
179t 
180+ 
181t 
183+ 


| 


FATHER MOTHER CHILDREN 

OMRhirh AiMNrh AiMrh 9? 

A,BMRhrh A:iMNrh BMNRhyrh A:,BMNRhkyrh 

BMNRhorh ONrh BMNrh BNRhoerh OMNrh 

A:,MNRh,Rho A,MNRh,Rho fof 

A,NRhirh OMNrh ONRhrh 

OMNRA,Rhy | A:MNrh OMRhyrh A:NRhorh OMNRh; 

A:NRh,Rho A,Nrh ANRhirh 

A,yMRhyrh A,MNrh AiMNrh 

A:MRhyirh A,MNrh AsMNRh;rh fou 

AiNRho OMrh A:MNRho 

OMRIyrh OMNrh OMRho 

ONrh AiNrh 9 

A:BMNRhirh | A:MNrh ANRhrh 

A,MNRhirh AiMrh OMNRhirth A:,MRhyrh 

A,NRhyrh A,MNrh A,NRhirh 

ONRh,Rh; BMNrh OMNRhirh 

A,MNRhyirh A:BMNrh A,NRh;rh 

OMRhirh Ai,.MNrh OMRhy 

BMNRhyYRh, | OMNrh OMRhfrh 

A:MNRh,Rhp | BMNrh AMNRhkyrh 

A:MNRh;,Rh; ONrh A:MNRhirh fou A:MNRhirho" A:MNRhrh fo 

A:NRh,Rho A, Nrh A,NRherh A,NRh.rh A,NRhrh 
A,NRhrh fof 

A:,BMNRh,Rh; | OMNrh BMRhirh 9? 

OMNRh,Rho | BMrh OMNRhith 9? BMNRhith OMNRhith 

A:BMNRhirh | AiMNrh ABMNRhirh 

BMNRhirh AiMNRh, Rh; | AiBMNRhyrh 

BMNRhirh OMrh OMRhirh 

BMRh,Rh,; OMNrh BMNRhirh 

BMRhirh OMNrh BMNRhirh @ 

OMNRhyrh BMrh OMRherh 9 

OMNRh,Rhy | BMNrh BMNRhyrh 

A,:BMNRh,Rh; ONrh A,NRhrh 

BMNRh,Rhy; ONrh BMNRhirh 

BMRherh OMNRhygrh BMNRhirh 

OMRhp Ai:Mrh OMRh»p AiMRho 

A:MNRB,Rho | AiNrh OMNRh:rh OMNRhirh 

OMNRh:rh A,MNrh ONrh 9? 9 
ONrh A:NRhrh 

A:MNRho A,MNrh AyMrh fof 

ONRhRhi ONrh ONRhirh 

A:MNRherh Ai:MNrh’’rh A;MRh.Rhz fof 

OMNRh,Rhy | OMNrh OMRhyrh 

OMNRhRh, | ONrh ONRhirh 9 ONRhy;rh 

OMNRh,Rh; A,Nrh A:MNRh;rh A:MNRhirh A,NRhrh 
A:\NRhyrh 


133 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 | 

152 | 

153 | 
| 
| 
| 
| 
| 
| 
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TABLE 2.—Continued 


3 FATHER MOTHER CHILDREN 
: | 
| 
184¢/ OMNRh,Rh, | A:MNrh | OMNRhyth 9 
185¢| AMNRhrh | A\Mrh | AMRhrh 
186¢} OMRh,Rh, | OMrh | OMRhyrh 
187¢| A,Nrh | ONRhrh 
188t| OMRh,Rh, A,Mrh | A.MRhyrh 
189¢| AMNRh,Rh, | BNRh,rh | OMNRh,Rho 
OMRhirh AyNrh’rh | OMNRho AMNRh Rh; 
191¢| ALMNRh,Rhp | BNrh ONRhirh BNRhrh 
192+| A\NRhYRh,; | OMrh | AMNRhyrh 
193¢] ONRhirh AyMNrh | OMNrh OMNRhyth 
194¢| AiMNRh,Rho | OMNrh | AMNRhgrh 
195¢| OMNRh,Rh; | ONrh | ONRhrh ONRh,rh @ 
OMNRhyrh ONrh | ONrh 
197¢| AMMNRhirh | A;:MNrh | AMNRhyrh 
198t| A\MRh,Rh, | BMNrh | ABMRhyrh 
199¢| OMNRhRh, | OMNrh | ONRhrh OMNRhyrh 
200t/ AMNRhrh | OMrh | AMNrh 


* Bracketed children are twins. 
ft In these families all bloods were tested with anti-rh” serum. 
t In this family, the Rh type of the child does not satisfy the genetic predictions. 


be considered homozygous for the Rho factor. In the latter case, if the type rh 
wife is very highly sensitized to the Rho factor, further pregnancies would be 
futile because all would terminate in stillbirths. 

As will be seen, the International Rh-Hr Nomenclature has been particularly 
valuable for purposes of clarity in the presentation of the results of the present 
study, because some of the rarer antisera (anti-hr” and anti-rh”) were not 
available at all times. The notations of the phenotypes make clear when the 
anti-hr” serum was used and when it was not. For example, when hr” tests were 
not performed, bloods are classified as Rh and rh”, etc. (cf. families 53, 65, 66, 
67); when tests with anti-hr” were made, type Rhz bloods could be further 
subdivided into types Rh,Rh, and Rherh, depending whether the reactions with 
this serum were negative or positive. Similarly, when type RhiRhz bloods were 
also clumped by anti-hr’ and anti-hr” sera, such bloods were designated Rh, Rho. 


RESULTS 


The findings in our new series of 200 families are presented in table 2. There 
is only a single contradiction to the genetic theory of the Rh-Hr blood types, 
namely, family #14. In this case, the mother belongs to type rh, the father to 
type Rhuirh, the first child to type rh, while the second child belongs to type 
Rh.rh. Thus, the second child possessed the rh” factor which is lacking from 


FAMILY 
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TABLE 3. PHENOTYPES AND GENOTYPES IN SELECTED FAMILIES 


NUMBER 


FAMILY 


CHILDREN 


Phenotype 
Genotype 


Phenotype 
Genotype 


Phenotype 
Genotype 


Phenotype 
Genotype 


Phenotype 
Genotype 
Phenotype 
Genotype 


Phenotype 
Genotype 


Phenotype 
Genotype 


Phenotype 
Genotype 


Phenotype 
Genotype 


Phenotype 
Genotype 


Phenotype 
Genotype 


RhiRh; 
or 


Rh,Rh; 
R*R', R*r’, 
or 


1) 
R'r 


1) Rhyrh 
Rir 


1) Rherh 
RY 


1) Rherh 
RY 


1) RhsRho 


1) Rh,Rh; 
R'r’ 


1) Rhfrh 


1) Rh,Rho 
R'R?, Ry”, 
or 


1) Rh,Rh, 
R*R?, 
or Rv 


2) Rhyrh 
R'r 


2) rh’rh 
r'r 


2) rh’rh 
r'r 


2) Rherh 
Rr 


2) RhsRho 
Rr 


2) rh 
rr 


2) Rhrh 
R'r 


2) Rh:Rh; 
R'r’ 


2) Rhirh 
R's 


2) Rh,Rho 
R'R?, R'r’’, 
or 


2) Rh,Rh, 
RR, Rey”, 
or 


3) Rhirh 
R'r 


3) Rhith 


R'r 


3) Rhirh 4) Rhirh 
R'r R'r 


3) Rhirh 
R'r 


3) Rh, Rh, 
R'R' or 


the bloods of the supposed parents. This apparent exception to the genetic 
theory can be attributed to illegitimacy, which is bound to turn up occasionally 
in extensive studies of this nature. The table contains no contradictions to the 
laws of heredity of the A-B-O blood groups or the M-N types. 
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| | | | 
| | FATHER MOTHER | es 
R'R or rr | 
Ry | | 
=: 
R'r’ | = 
| 
R*y’ | 
R'R? rr 
35 Rh,Rh; th | 
or rr R's 
R*r' | 
55 Rhyrh th | 1) Rhyrh 
rr | R'r 
54 Rh,rh rh | 1) Rho 
R'R rr | Ror 
190 Rhyrh | th’'rh 1) Rho 
R'R r'r Rr 
59 Rh, Rh; rh’rh | 
R'R! or r'r | 
R'r’ 
158 RhyYRh, rh | 
R'¥R', 
RivR, | 
or | 
| 
165 Rh,Rho 
R'R?, 
or R?r’ | | 
| 
180 Rh,Rh; | | 
RR,or | 
| 
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Some of the families involve rather unusual combinations of the Rh types 
and merit more detailed discussion. In family #7, the father belongs to type 
Rh,Rho, the mother to type rh and the first child to type Rherh, the second 
child to type rh’rh. Since the mother has the genotype rr, she will transmit an 


TABLE 4. HEREDITY OF THE RH TYPES INCLUDING THE hr’ AND hr’’ FACTORS, IN FAMILIES OF TABLE 2 


NUMBER OF CHILDREN OF TYPE | 


q 
z 
z 
= 


PARENTAL COMBINATION 


Rhy | rh’rh 


| 


| 


| Rhirh 
h’rh 


rh X rh 3 
rh x Rhrh 50 
rh x Rh, Rh; 51 
rh 4 Rh, 6 
th X Rhorh | 14 
rh X Rh)Rh; | 2 
rh X Rh,Rho | 18 
rh X Rh, Rh, 

rh x Rho 

Rhyrh x Rhrh 
Rhyrh x Rh, Rh, 
Rh,Rh, X Rb, Rhy 
Rh, Rh, x Rherh 
Rhirh X Rh,Rho 
Rh,Rh; X Rh,Rho 
Rh; X Rhyrh 
Rherh x Rhorh 
x Rhyrh 
Rhyrh X Rh,Rho 
Rhoerh, x Rh,Rh, 
Rh,Rhp X Rh,Rho 
rh’rh X Rhrh 
rh’rh x Rh,Rh, 
rh’rh X Rhgrh 
rh’rh X Rh,Rho 
rh’’ X 
rh’’rh X Rhorh 
rh’th’’ X Rhg 


| 
| 
| 


| 
Or |! 


Co W 


| RhsRho 


200 | s6 150 | 18 | 17/34) 3| 15) 2/14] 6| 1| 1| 317 


r gene to each child so that the genotypes of the children must be R’r and 1’r, 
respectively. The genes R? and r’ must have come from the type Rh,Rho father 
whose genotype must therefore be R’r’. More commonly individuals of pheno- 
type Rh,Rh» belong to genotype R'R? so that when wedded to type rh women 
half of the offspring are type Rh, and half are type Rhz (see families 112, 161, 
163 and 175). Other illustrative families are listed in table 3 in order to demon- 


str 
dis 
es} 
nee 
Sa 
bot 
| | | | rh” T 
| | —___| |-———-— |rorars 
| | | 
| 3 rl 
| 73 r 
| | 84 
il r 
| | 29 r 
r 
| 33 r 
|} 2 r! 
| 12 
| 4 R 
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| | s 
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| 4 
| 3 
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strate how to derive the genotypes from the phenotypes with the aid of the 
distribution of the Rh types in the families. The families have been selected 
especially to demonstrate how different individuals of the same phenotype 
need not necessarily belong to the same genotype even when members of the 
same family. For example, in family * 54 of table 2, the father and second child 
both belong to phenotype Rhirh, yet the father belongs to genotype R'R° and 


TABLE 5. SUMMARY OF AUTHORS’ HEREDITY STUDIES ON THE EIGHT RH BLOOD TYPES TO DATE 


| NUMBER OF CHILDREN OF TYPE 
PARENTAL COMBINATION TOTALS 


rh Rh: | Rhe | RhiRhe| Rho rh’ 


| 


rh X rh 42 | | @ | 
rh X Rhy 113 | (1) 


| 
| 
| 
th X Rh: 54 | | | 
76 | 


| o| 
| 25 | 
rh 4 Rh, 

rh Rho 

th X rh’ 

rh X rh” 

th X rh’rh”’ 

Rh, X Rhy 

Rh; X 

Rh; X Rh, Rh; 
Rh; X Rho 

Rh; x rh’ 

Rh; X rh’ 

Rh: X 

Rh, X Rh, Rh; 
Rh; X Rho 

Rh, x rh’ 

Rhy X rh’ 

Rh; X rh’rh’’ 
Rh,Rhz X Rh: Rhz 
Rh,Rhz X Rho 
Rh,Rh: X rh’ 

Rh, Rh; x 
Rho X Rho 

Rho x rh’ 

Rho X rh’rh’”’ 


| 


Or 


NK ON 
Orr 


| 263 | 859 | 236 | 109 | 66 | 23 | 1,567 


the child to genotype R'r. Family #180 is of particular interest because it 
illustrates the transmission of the rare gene R*. 

In table 4, the results of the Rh tests listed in table 2 have been summarized, 
except that the families also tested for the rh~ factor are not indicated. With a 
single exception mentioned above, the results fit well with the expectations 
under the theory of multiple allelic genes. In fact, for the past few years we 
have been applying the Rh-Hr tests routinely alongside of the A-B-O and M-N 


LIES rh’rh” 
| 42 
| 613 
| 149 
| 168 
| 29 
4 
7 
2 
| 168 
| 97 
| 135 
| 20 
| 29 
| 15 
12 
36 
| 6 
11 
4 
2 
| 17 
3 
8 
1 
4 
3 
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tests in medicolegal cases of disputed parentage. In material such as that pre- 
sented here, occasional contradictions to the theory are to be expected due to 
illegitimacy, so perhaps the best test for the genetic theory is derived from 
mother-child combinations. Thus, according to the genetic theory, rh’-nega- 
tive mothers cannot have hr’-negative children; nor can hr’-negative mothers 
have rh’-negative children. Not a single exception to this law has been en- 
countered in our family material to date, nor has an exception turned up in 


TABLE 6. DOUBLE EXCLUSION OF PATERNITY BY A-B-O AND Ru-HR TESTS 


BLOOD OF GROUP AND suBGROUP | M-N tTyPE Ru-HR 
—|— 
ee Ag MN | Rh, rh 


TABLE 7. HEREDITY OF THE BLOOD GROUPS AND SUBGROUPS IN THE FAMILIES OF TABLE 2 


NUMBER OF CHILDREN OF GROUP | 

NUMBER | 
PARENTAL COMBINATION OF | A AB | TOTAL 

| A | As | A | Ans AB | AB | AB | 
Ox 30 | 46; O| OF o| 46 
60 | so) 3) 1) 0} 0; 0; 100 
OX A: 13 | 14) 13; Of} O| 27 
|} 28 | 22; O| O} 24} O| O| 4 
O X | 7 | 6] 3] Oo 0 | 9 
O X AsB | 3 | 0; 2] 0} 4 
Ai X Ai | 16 | 6] 17} 2) 0} O; O} 2s 
Ai X As | | 3{ 10! 3! 0}; 0} o| o| 17 
A. XB | 17 | 6] 3) 2] o| 8 0 | 2| 26 
A, X AB 4 | 2; oO} 1} 2] 1] 6 
Ay X 2 | O} 1; 0; 1] 0 | 2 
A: X B 0; Oo} 1] of 1 
As X A.B 1 0; 0; o| 1 
BX AB | 3 0, 0; 4) | 4 
ABXAB | 1 1/ Of 1] OF 1] 3 

Totals............. | | ou} 


more than 500 medicolegal cases of disputed parentage. Similarly, in a shorter 
series of mother-child combinations, no exception has been found to the law 
that rh”-negative parents cannot have hr’-negative children; and hr”-negative 
parents cannot have rh”-negative children. The medicolegal investigations will 
be the subject for a future communication. 

While Hr antisera were not readily available until 1945, all families since 
1943 have been tested for the eight Rh types. It seems of interest, therefore, to 
combine our new results with our previous findings as has been done in table 5. 
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As shown in the table, our studies to date include 923 families with 1567 chil- 
dren. Thus, the family and statistical data which we have presented in this and 
previous papers in support of the theory of multiple allelic Rh genes are con- 
siderably greater than the evidence submitted when the genetic theories of the 
A-B-O and M-N types were considered acceptable. 

The discovery of the rh factor has increased only slightly the chance of 
excluding paternity where the defendant in a paternity case has been falsely 
accused. However, one interesting case has already been encountered and this 
is presented in table 6. Since the mother in this case belongs to type Rh, and 
the child to type Rh, the putative father had to carry either the r’ or R' genes. 
Although the putative father belongs to type Rhi, he could not carry either 
the R! or r’ gene because he belongs to subtype Rhrrh and is therefore a carrier 
of the R'” gene instead. Significantly, the putative father is excluded also be- 
cause he belongs to group A, the mother to group O, and the child to group B. 


TABLE 8. HEREDITY OF THE M-N TYPES IN THE FAMILIES OF TABLE 2 


NUMBER OF CHILDREN OF TYPE 
PARENTAL COMBINATION NUMBER OF FAMILIES 


MXM 18 
MXN 22 
NXN 9 
MN XM 50 
MN X N 45 
MN X MN 56 


Our new family data have been summarized from the standpoint of heredity 
of the A-B-O groups and M-N types in tables 7 and 8. As has already been 
mentioned, the findings show no contradictions to the established laws of 
heredity of the A-B-O groups and the M-N types. 


SUMMARY AND CONCLUSIONS 


New investigations on the heredity of the A-B-O blood groups and subgroups, 
the M-N types, and the Rh-Hr types in a new series of 200 families with 317 
children are described. To date a total of 923 families with 1567 children have 
been tested by the authors for the eight Rh types and only two contradictions 
to the theory of multiple allelic Rh genes have been encountered, both due to 
illegitimacy. Thus, the findings agree well with the theoretical expectations and 
fully justify the medicolegal application of the Rh-Hr tests in cases of dis- 
puted parentage. 

The discovery of the rh factor has increased the number of fully identified 


M | N | MN 
24. | 0 0 24 
0 0 38 38 
0 14 0 14 
38 0 34 72 
0 33 47 80 
26 18 44 88 
| 
200 88 | 65 | 163 | 316 
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Rh genes to nine. Because of its relative rarity, the rhv factor only slightly in- 
creases the chances of excluding parentage for men who are falsely accused of 
paternity. 

The investigations on the heredity of the Rh-Hr types and their serology 
have made possible a simple and logical International Nomenclature for the 
Rh-Hr types such as already exists for the A-B-O groups and M-N types. 
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Blood Types of Brazilian Indians 
(Matto Grosso) 


F. OTTENSOOSER anp R. PASQUALIN 
Laboratério Paulista de Biologia, Séo Paulo, Brazil 


AMERICAN Indians occupy a unique position in mankind with regard to the 
distribution of the various hereditary blood factors. For example, the frequency 
of group O generally exceeds 70 per cent among U. S. Indians, and not in- 
frequently reaches 100 per cent among Central American and South American 
Indians. In contrast, the frequency of group O among most other peoples is 
less than 50 per cent, though in some, such as Indonesians, Melanesians, 
Filipinos, and Australian aborigines on the one hand, and in Eskimos and Ice- 
landers on the other, values have been encountered ranging from 50 to 65 per 
cent. 

In Brazil, observations have been made on tribes from the southern and 
northern extremes of the country. In Guarani Indians of Rio Grande do Sul 
(Berardinelli & Roiter, 1934; Ribeiro, 1934) and in Tucano Indians of Alto 
Rio Negro, Amazonas (Biocca & Ottensooser, 1944), every individual tested 
belonged to group O. In Caingangue Indians of Parana (Fernandes, 1939), 
and in Canela Indians of Maranhao (da Silva, 1948), the frequency of group 
O reaches 92 to 93 per cent, the small difference from 100 per cent probably 
being due to slight racial admixture. The same interpretation may explain the 
similar percentage of group O among other North and South American tribes. 
It is obviously difficult to exclude mixing with other ethnic groups which had 
centuries to take place. 

The predominance of type M among Indians is another well known feature, 
though investigations on the M-N types in Indians have been relatively scanty. 
Caucasians have about 30 per cent type M individuals, U. S. and Chilean 
Indians (Henckel et al., 1941), about 60 per cent, while the incidence among 
North Brazilian Indians is intermediate (Biocca & Ottensooser, 1944; da 
Silva, 1948). 

Only a few investigations on the Rh factor have been made in Indians, be- 
cause sufficient quantities of antiserum have not become available until re- 
cently. The three main racial groups, Caucasoids, Negroids, and Mongoloids, 
are distinctly differentiated by the incidence of the Rh-negative type.! Most 


Received October 15, 1949. 

1 An exceptional people are the Basques (Etcheverry, 1945, 1949; Chalmers e¢ al., 1948; Vaccaro 
et al., 1948) with 30 to 35 per cent Rh-negatives and other peculiarities, such as low percentage of 
group B and lack of rh”. 
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Caucasoids have 13 to 15 per cent Rh-negatives, Negroids 5 to 10 per cent, while 


Mongoloids have still lower frequencies, often zero. The incidence of Rh- — 


negative individuals among Asiatic Indians (Greval & Roychowdhury, 1946; 
das Gupta, 1944; Khanolkar & Sanghvi, 1945; Ranganathan et al., 1946), is 
2 to 10 per cent, which is intermediate between Caucasoids and Mongoloids 
and similar to that of Negroids, from whom they deviate, however, with regard 
to the frequencies of the other Rh types. The frequency of Rh-negative in- 
dividuals among Japanese was found to be 0.3 to 1.3 per cent (Waller & Levine, 
1944; Miller & Taguchi, 1945; Pinkerton, 1944; Graydon & Simmons, 1945), 
among Chinese 0.7 and 1.5 per cent (Wiener, Sonn & Yi ,1944; Levine & Wong, 
1943), among Filipinos 0.3 and 0 per cent (Simmons & Graydon, 1945; Pink- 
erton, 1944), and among Australian aborigines 0.2 per cent (Simmons, Graydon 
& Hamilton, 1946). In the following series of 200 or more individuals all were 
found to be Rh-positive: Maori (Graydon & Simmons, 1946), Fijians (Simmons, 
Graydon & Barnes, 1945), Hawaiians (Pinkerton, 1945), Papuans (Simmons, 
Graydon, Woods, Smith & Lancaster, 1946), Burmese (Mollison & Reddy, 
1946), and Eskimos (Jordan, 1946). 

In American Indians, similarly, the frequency of Rh-negatives is small or 
zero: 1 to 2 per cent in two series of 100 and 120 U. S. Indians, according to 
Landsteiner, Wiener, and Matson (1942) and Wiener, Hassler, et al., respec- 
tively. The same low incidence was observed by Sandoval, Henckel and Givo- 
vich (1945) among 205 Chilean Mapuches. Moreover, among 98 Mexican 
Indians (Wiener, 1947; Wiener, Zepeda, Sonn & Polivka, 1945), and 104 U.S. 
Indians (Matson & Piper, 1947), all were Rh-positive. Summing up, Amer- 
ican Indians are, with rare exceptions, all Rh-positive; in the cases where among 
100 Indians a single Rh-negative individual is encountered it is difficult to 
exclude the possibility of more or less recent admixture with other races. 

While the distributions of the A-B-O groups and of the M-N types are unique 
among American Indians, they do not enable one to classify Indians as Mon- 
goloids; a better criterion of such a relationship is provided by the Rh-nega- 
tive element. The latter is not the only serological indication, however, because 
the relationship of Indians to Mongoloids is also shown by the absence of sub- 
group A; and by the distribution of other Rh factors. These more refined dif- 
ferences will be discussed later. 


MATERIAL AND METHODS 


The preceding brief discussion shows how scanty have been the serological investigations 
on Indians in Brazil, where there are so many tribes of differing cultures. We had an oppor- 
tunity to study the incidence of the blood factors in a considerable number of Brazilian In- 
dians, when during the months of May to July of 1947 Dr. Ernani Martins da Silva made 
excursions to the south of Matto Grosso, where he studied Caiué Indians in the frontier 


of 


h 
r 
a 
i 
\ 


reg 
us 
B 
in 
| 
ar 
of 
t 
re 
ir 
W 
b 
S 
n 

t 
le 
W 
n 

t 
Pp 
W 


BLOOD TYPES OF BRAZILIAN INDIANS 143 


regions of Paraguay, and Bororo Indians in the north in the Sado Lourenco Valley*. He sent 
us blood samples from these two tribes in six series, three from Caiud Indiansand three from 
Bororo Indians (table 1). 

From Caiua Indians (comprising one large and several small families) samples were taken 
in the following places: 

ist series at the José Bonifacio Post (municipality of Ponta Por4). 

2nd series at the Francisco Horta Post near the town Dourados. 

3rd series at the Reserva Cerro Peron and the Benjamin Constant Post, near the place 
of Amambai. 

From the Bororo samples were taken in 3 villages within a period of 4 days: 

ist series at Quejara. 

2nd series at Colénia. 

3rd series at Cérrego Grande. 


In both tribes there was a predominance of pure Indians; the few mixed Indians were 
easily recognized. Separation was carried out rigorously by inquiring concerning their 
ancestry, and by examining their somatic characteristics such as the color of the skin, color 
of the eyes, quality of the hair, slit of the eyelids, and manner of implantation of the lobe of 
the ear. Only individuals who passed all tests are included in the following statistics. The 
reliability of our method of selecting pure-bred Indians is confirmed (da Silva), by compar- 
ing the blood group distribution among Whites, Indians and mixed Indians in that region 
with the aid of the race mixture formula derived by one of us (Ottensooser, 1944). Venous 
blood was difficult to obtain from these Indians, so that finger puncture had to be employed. 
Several drops of blood were distributed among 2 or 3 capillary tubes which were put into 
numbered slips of paper. 

Dr. Ernani Martins da Silva carried out tests for the common A-B-O blood groups and 
the Rho factor on Bororo Indians and on the last series of Caiud on the spot, in a makeshift 
laboratory at a post or in a “hotel”. The capillaries were broken and placed into test tubes 
with a few drops of saline solution. Blood suspensions were obtained by shaking. The com- 
mon blood grouping tests were carried out on slides. In the Rh tests, the tubes containing 
the mixture of serum and blood suspension were tied together, wrapped in cotton, and 
placed into a saucepan with water heated to 37°C by means of an alcohol burner. Readings 
were taken after } to 1 hour. 

Our own examinations were made in Sao Paulo, 3 to 6 days after the blood specimens 
had been drawn. The blood samples were sent by air mail in a small wooden box, and ar- 
rived in good condition. Due to the low temperature (below 20°C) of the season hardly any 
specimens were spoiled. In order to prepare the blood suspensions, the capillaries were opened 
and placed into numbered tubes with 1 to 2 c.c. of saline solution and then centrifuged, 
in batches of about 40 at a time, for 15 minutes at about 1,500 r.p.m. This made the small 
clot come out of the capillaries producing a sediment in the tube. The supernatant fluid was 
siphoned off and saline added again to suspend the red cells. In rare cases, where centrif- 
ugation yielded no sediment, the capillaries were broken as described above. The 1 to 2 
per cent blood suspensions were examined on the day of their preparation whenever possible. 

The common blood groups were determined on slides or dishes with sera of groups O, 
A, and B. A few doubtful reactions, possibly due to changes in the blood sample during 
transportation, were checked further with group AB serum. 


? Our good friend, Dr. Ernani Martins da Silva, died a victim of his exploring zeal in December 
1948, during an expedition in Goiaz. 
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To test for the M-N types, equal parts of blood suspension and serum (from Certified 
Blood Donor Service, N. Y. C.) were mixed; control tests with samples of known M-N types 
were also included. Readings were taken after 10 minutes with a hand lens. 

For Rh typing we used anti-Rho sera prepared by ourselves, and also anti-Rho, anti- 
rh’, and anti-rh” sera kindly furnished by Dr. A. S. Wiener and by the Certified Blood 
Donor Service. For some of the latter sera we are obliged to Dr. Arnaldo Amado Ferreira. 
We are also indebted to Dr. J. M. Hill for supplying us with anti-hr’ serum. Tests with these 
sera were carried out by mixing, in small tubes, equal parts of diluted serum and blood sus- 
pensions, the first reading was taken after 4 to 1 hour of incubation at 37°C, and a second 
reading after keeping the tubes at room temperature (15°C to 20°C) for a few hours or over- 
night. Duplicate tests with sera of the same specificity always gave identical results. 


TABLE 1. DIsTRIBUTION OF THE BLOOD TYPES AMONG MATTO GROSSO INDIANS 


| | 
1 | 89] go] 89/23 |17 |49 | 88] 68 |1 | 19 
2 | 46) 46] 46| 46] 46/ 7 | 11 | 28 | 39 |o | 7 
3 | 102 | 102] 38) 38 | | 
———| | 
‘Total | 237 | 237] 173 | 173] 135 | 30 | 28 | 77 | 134/107 | 1 | 26 
% 100 | 100 22.2 | 20.7 | 57.1 | 79.9 | 0.7 | 19.4 
Bororo | | 


‘Total | 119 | 119 | 103 | 103 | 103 | 24 | 18 | 61 
| % | 100 100 | 23.3 | 17.5 | 59.2 


RESULTS 


A-B-O System—Table 1 shows that the 237 Caiu4 and 119 Bororo all be- 
longed to group O. Also all other Matto Grosso Indians investigated at the 
same time invariably proved to be group O (da Silva). As already mentioned 
several South American tribes behave in this way, including Brazilian Indians. 

M-N System—As shown in table 1, among the 134 Caiu4 examined 79.9 
per cent belonged to type M, 0.7 per cent to type N, and 19.4 per cent to type 
MN. As shown in table 2, these values satisfy the theoretical statistical re- 
quirements. Although based on a relatively small series of tests, the results 
are interesting. The percentage of type M is the highest observed among any 
Indians, and holds the second place in the world literature, the record stil! being 
retained by East Greenlanders (Fabricius-Hansen, 1939), who have 83.5 per 
cent type M, 0.9 per cent type N, and 15.6 per cent type MN. 

Rh factor (Tests with anti-Rho)—As can be seen in table 1, the 173 Caiua 
and 103 Bororo Indians tested were all Rh positive. The same results had been 
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| 1 | 39] 39] 39) 39] 39) 8 | 9 | 22 
| 2 | 31) 31} 31) 31 31) 7 | 5 | 19 
| 3 | 49) 49] 33) 33) 33) 9 | 4 | 20 
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obtained in a previous study on 165 Matto Grosso Indians (da Silva). Thus, 
in all, 441 Indians in that State tested with anti-Rhp serum proved to be Rh 
positive. These observations agree well with previous investigations on North 
American Indians. 

Rh types—To our best knowledge, the incidence of the various Rh types 
among South American Indians has not been determined previously. 

Since the frequencies found by us in Caiua and Bororo do not differ beyond 
the limits of error (tables 1 and 3), the results may be combined. A little more 
than 20 per cent of 238 Indians belong to type Rh, almost the same incidence 
exists for type Rh» individuals, while Indians of type Rh,Rh:. constitute more 
than half of the total. Among these Indians, therefore there exists only the 
three types, Rh,, Rho, and Rh,Rh», while among an equal number of Whites, 
other types would also be found including dozens of type rh individuals, some 
Rhy, and possibly representatives of the rare types rh’ and rh”. 


TABLE 2. DiIstRIBUTION OF THE M-N Types amonc CarvA INDIANS 


GENE FREQUENCIES | TEST OF BINOMALITY 
“Total M MN | N 2o+b| b+2 4ac)? 
134 107 26 1 0.896 | 0.104 0.1825 
| DF. = 1, P= 0.67 


The fact that only three Rh types were found in this study simplifies the 
genetic analysis. Nevertheless, we must bear in mind that the absence of a 
serological type, even in a large material, does not necessarily exclude the pres- 
ence of the corresponding gene in the population. Type rh, for example, was 
not encountered among the 441 Indians of Matto Grosso, and we therefore 
may estimate the frequency of this type as not exceeding 1 in 400; even so, 
the incidence of the corresponding gene r could be as high as 5 per cent, because 
r=<Vrh < V.002 < .05. But when our observations are combined with 
those of other authors, the existence of gene r among pure Indians becomes 
improbable. Similarly, the other genes r’, r”, r”¥, and R’, have not been detected 
serologically in our series of Indians. For this reason and others to be discussed 
later, these genes will not be taken into account in the following statistical 
analysis. 

Therefore, we may assign to all the Indians of type Rh, the genotype R'R! 
and to all the Indians of type Rh» the genotype R?R*. The calculated gene 
frequencies are given in table 3. The incidence of gene R'! among Caiué, for 
example, is obtained from the frequency of type Rh, as follows: 


= VR'R' = VRh, = V0.222 = 0.471 
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In the same manner, we obtain R* = 0.456. The sum R! + R’ is less than unity 
or 100 per cent by the relatively high value of 7.3 per cent. In the Bororo, 
there is a corresponding shortage of 9.9 per cent. Since these two values (7.3 
and 9.9 per cent) agree within the limits of statistical error for the two tribes, 
they are almost surely significant. 

Wiener et al. (1947; 1945), had observed previously that among Mexican 
Indians there is a similar deficiency in the sum of the gene frequencies and ex- 
plained it by postulating the existence of a third gene R” in addition to R! and 


TABLE 3. DISTRIBUTION OF THE RH TYPES AND OF THE CORRESPONDING GENES AMONG MATTO GROSSO 
INDIANS 


| PERCENTAGE OF TYPES INCIDENCE OF GENES 


TRIBE 


| 
| 
NO. OBS. | RhiRh 
| Rh | Rhs (Rhz) | VRh: | 
Caiué................] 135 | 22.2 | 20.7 | 57.1 | 0.471 | 0.456 | 0.073 
Bororo.......... | 103 23.3 | 17.5 | 59.2 | 0.483 | 0.418 | 0.099 
| 
| 238 «22.7 | 19.3 | 58.0 | 0.476 | 0.440 | 0.084 
TABLE 4. RH PHENOTYPES AND GENOTYPES AMONG MATTO GROSSO INDIANS 
FREQUENCY OBSERVED 
REACTIONS OF BLOOD CELLS WITH ANTISERA 
PHENOTYPES | GENOTYPES IN THE OTHER CASES 
| 
| Rho | rh” Caiua Bororo 
| 
PE. | + + | - | - [RR 0.222 | 0.233 
| | 
Rh; * | + | + 0.207 | 0.175 
| | | | (2 RR? 0.430 | 0.404 
| * + | + {3 | 0.067 | 0.083 
| | | 
| 2R'R® | 0.069 | 0.096 


R*. Our results support this interpretation. By introducing gene R” into the 
calculations, as shown in table 4, results are obtained which are in accord with 
the genetic theory, while this is not true if one postulates the presence of other 
genes such as R° or r”. Moreover, the hypothesis of the presence of gene R° 
is supported by the results of tests with anti-hr’ serum. 

Hr Factor (Tests with anti-hr’ serum). In the Bororo Indians, the blood type 
Rh,Rh: (or Rhz) has the frequency 0.592 or 59.2 per cent. This type can be 
subdivided, as shown in table 4, into four genotypes whose frequencies can be 
calculated. Two of these genotypes, R'R? and R*R? possess the factor hr’, 
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while the two other genotypes R’R” and R”R’, which together should have the 
incidence among type Rh,Rh» Bororo Indians of 1.0 + 9.6 = 10.6 per cent, 
have no hr’. The existence of hr’-negative individuals of type Rh:Rh: would be 
proof of the existence of gene R*. The expected proportion of such individuals 
among type RhiRh: Bororo Indians is 10.6:59.2 or approximately one in six. 
Tests were made with anti-hr’ serum on 12 Bororo of type RhiRhs, and one 
proved to be hr’ negative instead of the expected two such individuals. How- 
ever, this is as good an agreement between calculation and observation as one 
could reasonably expect, the number of tests being very small due to the scar- 
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The CDE notations used by British workers are readily understood with the aid of the following 
equivalents: 


Blood Factors Genetic Units 
American British Genes “Chromosomes” 
nomenclature notations 
(Wiener) (Fisher-Race) r cde 
Rho D r’ Cde 
rh cdE 
rh” E rv CdE 
Hro d R cDe 
hr’ CDe - 
hr’ e cDE 
R’ CDE 


Fic. 1. HypoTHESIS OF CROSSING-OVER ACCORDING TO R. A. FISHER 


city of anti-hr’ serum. On the whole, therefore, the results corroborate the as- 
sumption of the presence of gene R” in these Indians. 

Gene analysis from the standpoint of the hypothesis of crossing-over. Fisher at- 
tempted to explain the Rh gene frequencies among the English by crossing-over. 
He postulated that in meiosis the common genotype R'r would be able to form 
by exchange of the “elementary genes” D and d a small proportion of germ 
cells carrying the rare gene R°® and 7’. Similarly, by crossing-over, the common 
genotype Rr could give rise to the rare genes R° and r”, while genotype R'R? 
could give rise to genes R° and R* (cf. Fig. 1). Therefore, R° would always orig- 
inate whenever genes R” or r’ or r” are formed, and in fact, in England the sum 
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of the frequencies of these last three genes approximately equals the frequency 
of R°. Gene r” would be expected to be extremely rare because it would have 
to be formed from a rare genotype such as R’r’ or R'r”. However, Fisher’s 
suggestion has not been confirmed serologically, so that one is justified in as- 
suming that in the Rh gene complex the three postulated elementary genes are 
linked together permanently to form units. In practical cases of disputed pa- 
ternity (Ottensooser & Versiani, 1949), the cross-over hypothesis can therefore 
be disregarded at the present stage of our knowledge. 

Extensive family studies on the heredity of the Rh-Hr types have shown that 
crossing-over, if it occurs at all, must be extremely rare (Wiener, Belkin, & 
Sonn, 1944). For example, in the case of genotype R!r, which is the most com- 
mon in the United States, the formation of genes R° and r’ has not yet been 
observed. A case explicable by crossing-over has been claimed recently by 
Glass (1948), but this single case is not conclusive because it can be explained 
far more reasonably on the basis of illegitimacy. 


A further test of Fisher’s hypothesis is provided by the results of serological-anthro- 
pological investigations. The Rh gene frequencies of various populations which we have cal- 
culated are summarized in table 6, but some of the series are too small to be of much value. 
On the whole, the results do not favor the crossing-over hypothesis, because the relations 
R® = R’, or R®° = R’ +r’ +r” donot hold, except in Mexican Indians where the frequen- 
cies of R° and R” approximate one another. 

In order to test whether the crossing-over hypothesis is supported by our own observa- 
tions, arbitrarily chosen R° values will be introduced into the gene analysis, to determine 
which assumption conforms best with the actual observations. 


Ist assumption: R® lacking. 


The sum of the gene frequencies R! + R? = 91.6 per cent; the difference from 100 per 
cent is 8.4 per cent. We believe that the entire difference represents the frequency of gene 
R*, but since only a few Hr tests have been made it could be that the percentage of R’ 
makes up only part of the difference 8.4 per cent. 


2nd assumption: Equal frequencies of R* and R°. 


According to this assumption the difference, 8.4 per cent, comprises equal percentages of 
genes and R°. 

If R® = 4.2 per cent the frequency of type Rho should be very small (0.042)? = 0.18 
per cent, which agrees with the actual observation that not one type Rho individual was 
found among more than 200 Indians. 

The frequencies of genes R' and R? can then be recalculated as follows: 


Rh, = 0.227 = R'R! + 2R'R®, 

R'R! + 2R*(0.042) + (0.042)? = 0.227 + (0.042), 
R' + 0.042 = V/0.227 + 0.002, 

R' = V'0.229 — 0.042 = 43.6%. 


OTS 
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Similarly, Rt = V0.193 + 0.002 — 0.042 = 38.4%, 
and the sum R! + R* + R° = 43.6 + 38.4 + 4.2 = 86.2%, 


which is very low. Correspondingly, the difference from 100 per cent is considerable, namely, 
13.8 per cent. 

Therefore, the first assumption that R® = 0, in which the difference is much smaller 
(only 8.4 per cent), appears more plausible. 


3rd assumption: Relatively high R° value. 


According to the serological findings, the R° frequency could also be greater than 4.2 
per cent. If, for instance, it were 7 per cent, only one type Rho individual among 200 In- 
dians would be expected. Actually no type Rho individual was found, but this is not neces- 
sarily contrary to the assumption R® = 0.07. 

On this assumption we get the following gene frequencies: 


R® = V0.005 = 0.071 or 7.1%, 
R' = V0.227 + 0.005 — 0.071 = 41.1%, 
Rt = V0.193 + 0.005 — 0.071 = 37.4%. 


The sum of the gene frequencies, R! + R? + R® = 41.1 + 37.4 + 7.1 = 85.6 per cent. 
is accordingly still smaller, and the disagreement even greater than under the second as- 
sumption. 


4th assumption: Small R® value. 


Assume that R® = 1 per cent, so that the frequency of type Rho would be very low, 0.01 
per cent. The gene distribution would be then as follows: 


R® = V0001 = .01 or 1%, 
R! = V0.227 + 0.0001 — 0.01 = 46.7%, 


R? = V0.193 + 0.0001 — 0.01 = 42.9%. 


We see that when even a very small R° value is introduced into the calculation, the gene 
sum R! + R? + R° = 46.7 + 42.9 + 1.0 = 90.6 per cent already becomes smaller than 
under our first assumption. 

The following table shows the gene sums and their differences from 100 per cent, result- 
ing from different R®° values arbitrarily assumed. 


R° PERCENTAGES ARBITRARILY ASSUMED 


1 4.2 


86.2 : 
13.8 14.4 


| 
Gene sum R! + + 90.6 | 
Difference from 100% (= R??) 8.4 9.4 | 


Even the assumption of a small R° value (1 per cent) lowers the gene sum, which de- 
creases continually with increasing R® values. The introduction of higher R’ values to 
balance the difference from 100 per cent, however, is not a satisfactory solution. 

Therefore, the assumption that there is a substantial proportion of gene R° in our material 
becomes improbable, and our observations do not support the crossing-over hypothesis. 
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DISCUSSION 


Data on the distribution of Rh-Hr types in mankind have been compiled 
only in recent years and are therefore scarce. Among the populations examined 
there are rather variegated recent mixtures, and one cannot tell to what degree 
the material selected is representative without consulting the original papers, 
which are not always accessible. Nevertheless, the combined results of these 
investigations already have anthropological significance (Levine, 1945; Wiener, 
1945; Wiener, 1947; Potter, 1947). 

In table 5 our data are compared with those obtained in other countries, 
especially by Simmons, Graydon, ef al. in Mongoloids, by Wiener, Zepeda, 
Sonn and Polivka (1945) in Mexican Indians, and by Wiener, Hassler, e¢ al. 
and by Matson and Piper (1947) in U. S. Indians. Table 6 gives the correspond- 
ing gene frequencies for each population. 

The Negroid group differs fundamentally from Caucasoids and Mongoloids 
in the high proportion of gene R°. The Mongoloid group, on the other hand, is 
differentiated from Whites and Negroes and also Asiatic Indians by the scarcity 
or even lack of gene r. 

The genes R' and R? together enable one to distinguish the three major races. 
The Negroids (Wiener, 1945; Wiener, Belkin & Sonn, 1944; Levine, 1945) 
have the lowest values of R! (less than 15 per cent), the Mongoloids the highest 
(more than 45 per cent), while the Caucasoids are intermediate (40 to 45 per 
cent). Some Mongoloids, namely, North American and Brazilian Indians, have 
relatively low R' values approaching those of Whites, but differ sharply from 
Whites as well as from Asiatic Indians in their high R? values. 


PERCENTAGE OF GENE 
POPULATIONS 


Ri | R 


Papuans and Filipinos More than 90 Less than 10 
Indonesians About 80 About 15 


Chinese, Japanese, Mexican Indians, 1 series of U. S. 
Indians 45-65 20-35 


More than 40 


Also among themselves, Mongoloid peoples differ in their R! and R? fre- 
quencies. The percentage of other genes being small, there is a roughly recipro- 
cal relationship between the frequencies of genes R! and R®. As a result, the 
different populations can be arranged according to the frequencies of genes 
R' and R?, and almost the same order is obtained from the frequencies of the 
blood types Rh; and Rh». This is shown in tables 5 and 6, which have been 
arranged according to this principle. 


152 
| 
U. S. and Brazilian Indians. 45-58 


BLOOD TYPES OF BRAZILIAN INDIANS 153 


Summarizing, gene R! seems to have its maximum frequencies in Australia 
and Indonesia, decreasing in the direction of the Asiatic, African and American 
continents. Gene R? behaves inversely. These gradients may be, as in the case 
of genes A and B in Eurasia, manifestations of old migrations. The most ex- 
treme distributions are especially interesting. The Papuans and Filipinos on 
one hand have the highest R! values and the lowest R? values of all the peoples 
examined; Brazilian and U. S. Indians (Matson & Piper, 1947), on the other 
hand, have the highest R? values and consequently, relatively low R' values. 
There are also American Indians whose R! and R? frequencies resemble those 
of Japanese and Chinese. 

Even among the American Indians themselves, there occur distinct dif- 
ferences in the distribution of these genes. For example, gene R! is more fre- 
quent in Mexican than Brazilian Indians, the difference being statistically 
significant. This is a second variation in the otherwise uniform serological fea- 
tures of American Indians, the other difference consisting of a high percentage 
of group A in certain U. S. tribes. 

The presence of a substantial quota of R* seems characteristic of American 
Indians and some other Mongoloid peoples who possess this gene in a fre- 
quency 25 to 100 times as high as Whites (Simmons & Graydon, 1947, 1948; 
Simmons, Graydon, Woods, Smith & Lancaster, 1946; Wiener, 1947; Wiener, 
Zepeda, Sonn & Polivka, 1945; Wiener, Hassler, e¢ a/.). This isa positive sero- 
logical attribute of Mongoloids in contrast to the negative ones, virtual ab- 
sence of A, and Rh-negative individuals. 

The particular distribution found in Matto Grosso Indians, with equal R! 
and R? frequencies and high proportion of R”, extends over vast territories. 
The Caiua and the Bororo, separated by hundreds of kilometers, have similar 
frequencies of all the blood types examined. We may therefore assume that our 
values are representative for certain other Brazilian and Paraguayan tribes 
also. 


SUMMARY AND CONCLUSIONS 


Investigations have been carried out on the distribution of the A-B-O 
groups, M-N types, and Rh types among Caiud and Bororo Indians in the 
State of Matto Grosso (Brazil). 

All 356 Indians tested (237 Caiué and 119 Bororo) belonged to group O. 

Among 134 Caiua, 79.9 per cent belonged to type M, 0.7 per cent to type N, 
and 19.4 per cent to type MN. 

Among 173 Caiué and 103 Bororo, not a single Rh-negative individual 
was found. 

The distribution of the Rh types among 135 Caiu4 and 103 Bororo were 
almost identical. The average frequencies of the types are 22.7 per cent type 
Rh,, 19.3 per cent type Rh», and 58.0 per cent Rh,;Rh:. The sum of the gene 
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frequencies R' + R? = 0.476 + 0.440 is less than 1, and the difference .084 
apparently is due to the presence of a third gene, R”, as can be demonstrated 
by Hr tests. The findings do not support the crossing-over hypothesis. 
American Indians are related to Mongoloids as shown by certain serological 
findings such as an appreciable frequency of R”, scarcity or absence of the 
Rh-negative type, and they are also distinguished by their frequencies of O, M, 
and Rh;. Among Matto Grosso Indians these frequencies are especially high. 
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The Incidence of Consanguineous Matings in 
Japan 


With Remarks on the Estimation of Comparative Gene 
Frequencies and the Expected Rate of Appearance of 
Induced Recessive Mutations’ 


JAMES V. NEEL?, MASUO KODANI, RICHARD BREWER anp RAY C. ANDERSON, 
Capt., M.C., A.U.S. 


Atomic Bomb Casualty Commission, Hiroshima, Japan 


THE frequency of occurrence of consanguineous marriages has been rather 
extensively investigated in European populations. There exist, however, rela- 
tively few exact data for other parts of the world. The following studies were 
undertaken in an attempt to supply information on this point for one type of 
Mongolian population, namely, Japanese residing on the islands of Honshu 
and Kyushu. 

Investigations of this type were formerly of interest primarily to the social 
anthropologist. More recently, students of human genetics have realized the 
significance of this information for the solution of certain of their problems. 
The authors have been particularly interested in the light such data might 
throw on two questions, namely, 1) the rate with which any recessive muta- 


tions induced by the atomic bombings of Hiroshima and Nagasaki might be 
expected to appear in the descendants of the survivors, and 2) the comparative 
frequencies of certain inherited traits in Caucasian (European) and Mongolian 
(Japanese) populations. 


THE DATA 


The data which we have collected on the incidence of consanguinity in Japan 
fall into two different categories. 


A. Pregnancy Registration Results 


During the period covered by this investigation (1948-1949), a system of voluntary preg- 
nancy registration was in force throughout Japan. As soon as the fifth month had been 
reached, a pregnant woman was entitled upon registration to receive certain rationed items. 
Because of the economic stringencies obtaining in Japan during this period, registration was 
relatively complete. In connection with an attempt to investigate the potential genetic ef- 
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fects of the atomic bomb, there has been superimposed upon this system of pregnancy regis- 
tration a special questionnaire in Hiroshima and Nagasaki, and ina control city, Kure. This 
special questionnaire includes an item concerning consanguinity. In point of size, these towns 
are respectively the fifteenth, nineteenth, and twenty-second largest in Japan, having on the 
basis of the 1947 census populations of 224,100, 198,642, and 185,740, and the results secured 
in these localities may be regarded as more or less typical of the cities of southern Japan. 
All registration clerks have been carefully schooled concerning the various degrees of con- 
sanguinity and the manner in which to elicit information on this point. Thus far a total of 
23,804 questionnaires have been completed. The results are given in table 1. Of the women 
registering, 93.5 per cent were between the ages of 20 and 39; these results therefore tend 
to reflect the situation with respect to marriages contracted between 1929 and 1948. 

In connection with the above-mentioned genetic studies, it has been customary, upon 
the report of the termination of certain of these pregnancies, to make a follow-up visit to 
the home of the woman in question. On the occasion of that visit, the question of consan- 


TABLE 1. THE FREQUENCY OF CONSAGUINEOUS MARRIAGE AMONG WOMEN REGISTERING AS PREGNANT 
IN THREE JAPANESE CITIES DURING 1948 AND 1949 


FIRST 
CITY AND POPULATION a FIRST COUSIN SECOND OPER TOTAL 
(1947 Census) es COUSIN ONCE COUSIN CONSAN- CONSAN- 
REGISTERED GUINITY GUINITY 


Hiroshima 10,547 391 101 164 28 684 
224,100 (3.71%) | (0.96%) -56%) | (0.27%) | (6.49%) 


Kure 226 79 109 17 431 
185,740 (4.10%) | (1.43%) -98%) | (0.31%) | (7.82%) 


Nagasaki 406 87 153 12 658 
198,642 | (5.24%) (1.12%) .98%) | (0.15%) | (8.49%) 


1,023 267 426 57 1,773 
(4.30%) | (1.12%) | (1.79%) | (0.24%) | (7.45%) 


| 
| 


guinity was again raised; the interviewer was not aware of the nature of the previous state- 
ment. Out of a total of 1,681 women so interviewed, 22 failed to confirm their previous state- 
ments concerning consanguinity, or stated a degree of relationship other than that previously 
obtained. This is a significant discrepancy. No particular trend was evident, i. e., in eight 
instances women who had previously stated that consanguinity existed now admitted to no 
such relationship, in six cases the reverse was true, while in eight other cases the degree of 
relationship was otherwise than originally stated. To what extent the second statement 
represents the result of further inquiry into the matter and hence is more accurate, is not 
clear. If we assume that all women who have on either of the two occasions stated that theirs 
was a consanguineous marriage are, in fact, related to their husbands, then the overall inci- 
dence of consanguinity would be about 0.36 % higher. 


B. Special Survey Results 


The consanguinity data obtained from the genetic questionnaires were of such interest 
that several special surveys were undertaken in an attempt to secure a more rounded picture 
of the situation. A sector of Hiroshima (the Hijiyama district) was selected as more or less 


| | 
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typical of the city as a whole, and an attempt was made to obtain a statement from each 
married couple in that sector concerning consanguinity. A similar procedure was carried out 
in Kure (the Katayama district). This procedure yielded a wider age distribution than the 
previous study, making possible an analysis of the data for secular trends. In addition, two 
special areas located near Kure were studied. The first of these (Midori Machi) is situated 
on the outskirts of Kure and was of special interest because it is an Eta village. For cen- 
turies those persons in Japan who work with the flesh or its products (e. g., butchers, leather 
workers) have tended to be isolated socially from the rest of the population, corresponding 
in a sense to India’s untouchables. These persons are known as Etas. They have aggregated 
into special villages or sections of the larger towns. It was the impression of the Japanese 
Nationals with whom we talked in the planning of this investigation that the incidence of 
consanguinity was especially high in such communities. The second area selected for special 


TABLE 2. SUMMARY TABLE OF FREQUENCIES OF VARIOUS CONSANGUINEOUS MARRIAGES IN DIFFERENT 


KINDS OF POPULATION IN KURE AND HirosnimA, HrrosHIMA PREFECTURE, HONSHU, JAPAN 


TOTAL NUM- 
FIRST SECOND THIRD 
BER OF IN-LAW 
COUPLES REMOVED REMOVED REMOVED 
MARRIAGES 

Hiroshima 3283 129 38 69 18 6 1 261 76 
(city) (3.93%)} (1.16%)| (2.10%)| (0.55%)| (0.18%)| (0.03%)} (7.95%)| (2.39%) 

Kure 1642 98 31 40 5 2 0 176 70 
(city) (4.64%)| (1.47%)| (1.89%)| (0.24%)| (0.09%) (0.0%)} (8.33%) | (3.36%) 

Midori 147 8 3 2 0 1 0 14 10 
Machi (5.44%)| (2.72%)| (1.36%)| (0.0%) (0.61%)| (0.0%)| (10. 13%)| (1.47%) 
(Eta vil- 
lage) 

Dainu 323 23 6 7 1 0 0 37 9 
(village) (7.12%)} (1.86%)| (2.17%)| (0.31%)} (0.0%) (0.0%)| (11.46%)} (2.79%) 
Total.....| 5395 258 78 118 24 9 1 488 115 

(4.78%)! (1.45%)| (2.19%)| (0.44%) (0.17%)| (0.02%)| (9.05%)| (2.13%) 


study was a fishing community (Dainu) located some six miles from Kure, with a population 
of 1,787. Except for its proximity to a large city, this settlement may be regarded as more 
or less typical of the smaller agricultural and fishing villages of southern Honshu, the main 
island of Japan. 

The results are shown in tables 2 and 3. Minor discrepancies in percentages and totals 
between the two tables are related to the inability to obtain accurate ages in some 
cases where a spouse was deceased or divorced, and the consequent necessity of omitting 
some persons from table 3 who are represented in table 2. The rate of consanguinity observed 
in Kure and Hiroshima by this approach (table 2) agrees well with that seen in the previous 
study. Consanguinity rates appear to be higher in the smaller communities, although because 
of the numbers involved the differences are not significant. It is noteworthy that the con- 
sanguinity rates in the Eta village under consideration were not higher than those of a 
fishing village of somewhat larger size. In all four of the communities studied the affinity rate, 
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as measured by the frequency of “in-law” marriages, is quite high. This is an understandable 
corollary of a high consanguinity rate. Table 3 reveals no significant tendency for consan- 
guinity rates to have altered in the past sixty years, although first cousin marriages may 
have been somewhat more common among the older individuals. 

The two smaller communities studied were actually relatively accessible. The question 
naturally arose as to what the consanguinity rates might be in some of the smaller but less 
accessible coastal and interior villages. At our suggestion, Dr. F. Kida and associates of 
Kumamoto University undertook a rather extensive survey of some of the towns and vil- 
lages of the island of Kyushu, Japan. Their results, which have been reported elsewhere 
(Kida, Kanokogi, and Kojima, 1949), are shown in table 4. The communities investigated 


TABLE 3. THE SECULAR TREND WITH RESPECT TO CONSANGUINEOUS MARRIAGES IN THE FOUR AREAS 
STUDIED 


a. As related to age of male partner 


MALE AGE GROUP 
DEGREE OF CONSANGUINITY 
21-40 yrs. 41-60 yrs. 61-80 yrs. | Total 
First cousin 94 (4.24%) | 87 (4.08%) | 26 (4.73%) | 207 (4.23%) 
First cousin once removed 36 (1.62%) | 21 (0.99%) 6 (1.09%) 63 (1.29%) 
Second cousin 65 (2.93%) | 31 (1.45%) | 11 (2.00%) | 107 (2.18%) 
Total marriages 2217 2131 550 4898 
b. As related to age of female partner 
FEMALE AGE GROUP 
DEGREE OF CONSANGUINITY 
17-40 yrs. 41-60 yrs. 61-80 yrs. Total 
First cousin 122 (4.07%) | 68 (5.03%) | 18 (5.90%) | 208 (4.47%) 
First cousin once removed 42 (1.40%) | 25 (1.85%) 1 (0.33%) 68 (1.46%) 
Second cousin 76 (2.53%) | 20 (1.48%) 7 (2.30%) | 103 (2.21%) 
Total marriages 2999 1353 305 4657 


have been classified as cities (only one: Kumamoto city, population 245,841), towns (popu- 
lation 6,981 to 13,149), and villages (population 1,818 to 4,352). The consanguinity rates 
encountered in some of these villages areas high as any we have found recorded in the litera- 
ture. 


THE UTILIZATION OF THESE DATA IN VARIOUS CALCULATIONS 


The magnitude of the consanguinity rates encountered in this study may 
best be appreciated by reference to table 5, which summarizes the findings with 
respect to consanguinity in a number of European populations. Although cer- 
tain isolated European communities exhibit rates comparable to those en- 
countered in Japan, there has to date been recorded no major population or 
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geographical unit with rates of this magnitude. The combining of the Kure and 
Hiroshima data on consanguinity into a single figure may be accomplished 
through the use of Wright’s coefficient of inbreeding, a. For the most extensive 


TABLE 4. SUMMARY OF THE FREQUENCY OF VARIOUS DEGREES OF CONSANGUINEOUS MARRIAGE IN 
DIFFERENT TYPES OF POPULATION UNITS IN KUMAMOTO PREFECTURE, KyuUsHU, JAPAN 


(Data oF Kripa, KAnoxoci. anp Kojima, 1949) 


| 
} | TOTAL 
NUM FIRST | secon | OTHER | SEEM (Ex- 

| CONSAN-| TO BE “ 

| once. | | “once | | come | 
|COUPLES | MOVED MOVED 
Kumamoto City | 1830| 63 | 31 233 | 6 | O | 6 | 124 
(city) | 3.4% | 1.6% | 1.2% | 0.3% 10.0% | 0.3% | 6.7% 

| | | | 
Yamashika 2902 162 42 46 19 3 4 276 
(town) 5.5% | 1.4% | 1.5% | 0.6% 10.1% | 0.1% | 9.5% 
Waifu 2908 | 175 48 52 16 3 12 | 298 
(town) 6.2% | 1.6% | 1.7% | 0.5% |0.1% | 0.4% |10.2% 
Udo 1092 56 15 26 3 2 4 | 103 
(town) 5.1% | 1.4% | 2.4% | 0.2% 10.1% | 0.3% | 9.4% 
Toride 459 39 13 12 1 2 0 68 
(village) | | 8.5% | 2.8% | 2.6% | 0.2% (0.4% | 0.0% |14.8% 
Hanabusa 390| 33 6 10 3 0 0 | 52 
(village) 8.5% | 1.5% | 2.5% | 0.7% |0.0% | 0.0% 13.3% 
Kikuchi 888 84 14 26 11 0 4 | 142 
(village) | 9.4% | 1.5% | 2.9% | 1.2% |0.0% | 0.4% |15.9% 
Asahino 416 28 15 12 3 1 3 59 
(village) 6.7% | 3.6% | 2.8% | 0.7% |0.2% | 0.7% (14.1% 
Suigen | 776 96 29 15 11 1 2 152 
(village) 12.4% | 3.7% | 1.9% | 1.4% |0.1% | 0.2% 19.5% 
Higashi Nagashima 1788 204 45 57 26 1 | 24 336 
(village) 11.4% | 2.5% | 3.1% | 1.4% 10.1% | 1.3% |18.7% 

Nishi Nagashima 1433! 205 | 38 | SS | 18 | 2 | 13 | 320 
(village) | 14.3% | 2.6% | 3.8% | 1.2% |0.1% | 0.9% |22.3% 


European data available, those of Orel (1932) on the archdiocese of Vienna, 
the observed a approximates 0.00060 (Haldane & Moshinsky, 1939). For our 
Japanese data on urban populations, the observed a in women registering preg- 
nancies for ration purposes approximates 0.00372. Both figures are of course 
underestimates, since some individuals are doubtless unaware of even relatively 
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recent and close consanguinity, and, further, because of the relatively rapid 
expansion of the world’s population, remece consanguinity must be involved in 


TABLE 5. THE INCIDENCE OF CONSANGUINITY IN \ARIOUS TYPES OF EUROPEAN POPULATION GROUPS 
For the purpose of convenience, the material has somewhat arbitrarily been classified into‘‘normal 


populations” and “isolates” 


FREQUENCY OF CON- 


FREQUENCY OF SANGUINEOUS MAR- 
MATERIAL AND AUTHOR PERIOD FIRST COUSIN RIAGES UP TO AND 
MARRIAGES INCLUDING SECOND 
COUSINS 
a. “Normal Populations” 
Europe. World literature, plus assumptions | +1875-1910 1.0% 2.6% 


as to number of consanguineous marriages 
not so stated. (Lenz, 1919) 


Germany. 453 Catholic and Protestant mar-.} +1875-1920 | 1.8 + 0.7 9.6 +1.4 
riages in 3 villages in rural Wiirttemberg. 
(Spindler, 1922) 


Germany. 5,283 marriages in 40 Bavarian 1848-1872 | 0.49 + 0.096} 1.07 + 0.14 
parishes—predominantly a rural Catholic 
population. (Wulz, 1925) 

Germany. 5,706 marriages in 40 Bavarian 1873-1897 | 0.65 + 0.11 1.33 + 0.15 
parishes—predominantly a rural Catholic 
population. (Wulz, 1925) 

Germany. 5,193 marriages in 40 Bavarian 1898-1922 | 0.67 + 0.11 1.52 + 0.17 
parishes—predominantly a rural Catholic 
population. (Wulz, 1925) 


Austria. 40,697 Catholic marriages in Vienna 1901-1902 | 0.77 + 0.043 | 1.12 + 0.052 
and environs. (Orel, 1932) 
Austria. 44,911 Catholic marriages in Vienna 1913-1914 | 0.68 + 0.039} 1.24 + 0.052 
and environs. (Orel, 1932) 


Austria. 31,823 Catholic marriages in Vienna 1929-1930 | 0.53 + 0.041} 0.99 + 0.056 
and environs. (Orel, 1932) 

Prussia. 1,286,339 marriages 1875-1880 | 0.71 + 0.0074 

Prussia. 2,122,300 marriages 1921-1926 | 0.20 + 0.0033 

Bavaria. 188,973 marriages 1876-1880 | 0.87 + 0.021 

Bavaria. 474,268 marriages 1926-1933 | 0.20 + 0.0066 

France. 1,410,889 marriages 1876-1880 | 1.03 + 0.0085 

France. 1,350,683 marriages 1914-1919 | 0.97 + 0.0085 


(Dahlberg, 1939) 


England. Parents of 49,315 adult in-patients | +1880-1925 | 0.61 + 0.035 
of general hospitals. (Bell, 1940) 
England. Parents of 10,236 child in-patients | +1925-1939 | 0.40 + 0.062 
of general hospitals (Bell, 1940) 


Denmark. Parents of 498 randomly selected | +1900-1920 | 1.2 + 0.5 
young propositi in Copenhagen. (Bartels, 
1941) 


| 
| | 
| 
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TABLE 5.—Continued 


| 
FREQUENCY OF CON- 


FREQUENCY OF SANGUINEOUS MAR- 
MATERIAL AND AUTHOR PERIOD FIRST COUSIN RIAGES UP TO AND 
MARRIAGES INCLUDING SECOND 


COUSINS 


b. “Isolates” 


Fiji Islands. 448 marriages in 12 villages | 1850-1895 | 29.7 + 2.2% 
where local custom encouraged cousin mar- 
riages. (Pearson, 1911) 


Germany. 117 marriages among Hohenzollern | +1875-1920 | 16.2 + 3.4 19.6 + 3.7% 
Jews. (Reutlinger, 1922) 


Switzerland. 270 marriages in an Alpine com- | +1870-1923 | 1.9 + 0.8 9.7 +1.8 
munity. (Brenk, 1931) 


Germany. 380 marriages in an isolated Protes- 1840-1889 | 5.3 + 1.2 11.1 + 1.6 
tant community of the Rhineland. (auf der 
Nillenburg, 1932) 


Switzerland. 52 marriages in Obermatt. | +1890-1932 | 11.5 + 4.4 53.8 + 6.9 
(Egenter, 1934) 


Switzerland. 139 marriages in an Alpine com- | +1885-1932 | 0.7 + 0.7 9.9 + 2.5 
munity. (Grob, 1934) 


Switzerland. 77 marriages in an Alpine com- | +1880-1933 | 3.9 + 2.2 19.5 + 4.5 
munity. (Ruepp, 1935) 


Sweden. Parents of 332 randomly selected | +1850-1920 | 3.0 + 0.9 
persons on a small, rural Swedish island. 
(Sjégren, 1948) 


Sweden. All marriages in the populations of | +1880-1945 
three northern parishes: 


Pajola (population of 5943) 1.0 + 0.3 
Junosuando (population of 1871) 2.9 + 1.0 
Muonionalusta (population of 1376) 6.8 + 1.8 


1948) 


a sizeable fraction of marriages. Taken at face value, however, these figures 
indicate a degree of inbreeding in the Japanese which is about six times that 
observed in a roughly comparable European population. In the European data, 
72% of the known value of a was contributed by first cousin marriages; in the 
Japanese data, 78% of the known value is due to marriages of this type. 
Two general groups of factors operate in the production of high consanguinity 
rates, namely, geographical and social, including in the latter category both 
localized social pressures and social customs. Factors of the former type are 
primarily responsible for the findings of Néllenburg (1932), Egenter (1934), and 
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Bédk (1948) with respect to small and isolated German, Swiss, and Swedish 
communities, while factors of the latter type account for the consanguinity 
rates sometimes observed among members of Jewish groups (Reutlinger, 1923) 
or the Fiji Islanders (Pearson, 1911). It seems probable that in Japan both 
these types of factors are at work. Although Japan is a small and heavily popu- 
lated country, it is our impression that there is a considerable degree of relative 
isolation between its various villages, especially those in the interior, with—at 
least prior to the disruptions of the war—a less mobile population than is true 
of many other countries. A more important contributing factor than this is to 
be found in the social structure of the country. There is, to begin with, a rela- 
tively rigid stratification, with, for the most part, opportunities for marriage 
only within one’s stratum. On top of this, marriage in Japan is still guided to a 
great extent by parental wishes. Parents, wishing to conserve the family assets, 
and being reluctant to underwrite the risks involved in the selection of a mar- 
riage partner whose quality is relatively unknown, will understandably often 
choose from within the family circle. 

Dahlberg (1948) has presented formulae for calculating the size of the ‘‘iso- 
lates” into which a population is subdivided on the basis of the frequency of 
cousin marriages. Such formulae assume that cousin marriages are contracted 
at random. While possibly of value in certain European countries, the formulae 
would have a more limited usefulness as applied to Japan, since here the group 
within which any individual might contract a marriage might be divided into 
two fractions, one composed of relatives, with whom the probability of mar- 
riage is disproportionately high, and one composed of nonrelatives, with whom 
the probability of marriage is somewhat lower. 


The Estimation of Gene Frequencies 


A genetically satisfactory evaluation of anthropological differences is possible 
only in terms of the relative frequencies of specific genes and their interaction 
with local environmental factors. Thus far, this type of evaluation has been 
feasible only for certain rather common genes of comparatively little adaptive 
significance, such as those responsible for the A-B-O blood groups and M-N 
types, color-blindness, and the ability to taste phenylthiocarbamide (review in 
Snyder, 1947). A further step would consist in a comparison of the frequency 
of various recessive traits with a considerable selective disadvantage. Direct 
surveys of the necessary magnitude have not yet been carried out. However, 
there is an indirect approach to the problem. The frequency of a given reces- 
sive gene may be calculated if the incidence of first cous'‘n marriages in the 
general population and among the parents of affected individuals is known, and 
if one assumes panmixia. Formulae suitable for this calculation have been pro- 
posed by Lenz (1919), Weinberg (1920), Dahlberg (1938, 1948), and Hogben 


) 


164 NEEL, KODANI BREWER, AND ANDERSON 


(1946), among others; these all yield approximately the same result but that 
proposed by Weinberg and Dahlberg is perhaps preferable, namely, 


16(1 — c)q’ 
“1+ 
or, restated in terms of g, 
al c(1 — k) 
16k — 1Sc — ck’ 
where g = the frequency of the recessive gene responsible for the trait in 


question, 
k =the proportion of first cousin marriages among the parents of 
affected persons, and 
c = the proportion of first cousin marriages among the population as a 
whole. 
The relationships of g, c, and & are graphically illustrated in figure 1. As we shall 
see below, figure 1 allows for an estimation of gene frequencies which is cer- 
tainly as accurate as the data justify. 

The use of this formula is subject to very severe limitations, some of which 
have been clearly stated in the past and some of which have not. Dahlberg 
(1938, 1948) has pointed out in particular the theoretical pitfalls inherent in 
the use of this equation. Human populations of any magnitude are not in a 
state of panmixia, but are broken up into isolates of greater or lesser degree 
between which there occur significant variations in gene frequency. In the case 
of Japan, and possibly for other countries either now or in the past, the isolate 
effect is intensified by a tendency for the mating of related persons within the 
isolate—i.e., the definition of isolate size is complicated by local custom. 

Although it is clear that the occurrence of these isolates may in specific 
instances invalidate the use of this formula where extreme accuracy is de- 
sired, it is not yet apparent to what extent the formula may be relied on for 
a serviceable approximation to gene frequencies. It is certain that the concept 
of complete isolates is as spurious as the concept of panmixia; over a period of 
years there is a very substantial gene exchange between neighboring communi- 
ties. However, at the present time the coefficients of migration and interchange 
cannot even be approximated for the sub-groups comprising any sizeable 
human population. Accordingly, while there can be no doubt of the theo- 
retical importance of isolates, there is no human population whose breeding 
structure is sufficiently well known to enable us to estimate the inaccuracies 
introduced by isolate effects. In the present case, we are not so much interested 
in absolute values as in comparative values; the formula may have greater 
validity in this latter context. This question, of the appropriateness of using 


| 

| 
| 


CONSANGUINEOUS MATING IN JAPAN 165 


the equation given above for a first approach to the problem, will be returned 
to after we have considered the biological shortcomings of the data. 

In addition to purely theoretical pitfalls, there are many biological complica- 
tions standing in the way of the estimation of gene frequencies. The traits 
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Fic. 1. Recessive gene frequency (g) as a function of the frequency of first cousin mating among 
the general population (c) and among the parents of recessives (k). g = c(l — k)/(16k — 15¢ — ck). 


selected for consideration must always be clearly differentiated from normal, 
and must satisfy all the criteria for monogenic recessive inheritance. It will 
never be possible to be certain in man that a given recessive trait is always due 
to the same recessive gene. Gates (1946) has cited numerous illustrations where 
what to the clinician appears to be one and the same condition may have 
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different genetic bases in different families. Thus, retinitis pigmentosa may 
apparently be due to an autosomal dominant or recessive or a sex-linked domi- 
nant or recessive; partial sex linkage also seems to have been established. No 
matter how carefully one selects diseases for consideration one can never be 
certain that all cases have the same genetic basis. Furthermore, the estimation 
of consanguinity in the parentage of any given group of people is subject to 
very serious errors, both on the part of the recorder and of the persons con- 
cerned. 

Despite all these well-recognized theoretical and biological factors tending to 
impair the accuracy of the results obtained with the equation given above, it is 
of interest, now that data are available concerning the incidence of consanguin- 
ity in the Japanese, to inquire into the incidence of consanguinity among the 
parentage of individuals with certain well-defined recessive traits, and to com- 
pare the data so obtained with what is known concerning European popula- 
tions. Although such an attempt has only limited validity in the light of our 
present information, quite aside from the tentative conclusions which may be 
drawn it serves an added purpose in highlighting present gaps in our knowledge 
of the genetics of man. Table 6 presents data concerning the comparative fre- 
quencies of five genes as calculated by this method. In the preparation of this 
table we have been greatly aided by Dr. R. Kawakami of the Japanese Institute 
of Public Health, who in the course of assembling a monograph on the genetics 
of the Japanese has summarized a vast amount of literature not usually avail- 
able to the Occident, and has kindly made certain of his results available to us 
in advance of publication, and in particular where there are one or two out- 
standing studies on which reliance can be placed, made these known to us. We 
have also used, for purposes of comparison, Komai’s two summaries (1934, 
1947). 

As will be apparent below, the data on the incidence of consanguinity among 
the parentage of individuals with various recessive traits is quite unsatisfactory. 
In the table there is indicated a range within which the true value of k may lie. 
This range is obtained in the following manner. For each trait, a minimum 
and maximum & value can usually be estimated from the literature. The “true” 
value lies someplace between these two; for each trait an attempt has been 
made to estimate this true value. A standard error has then been calculated, 
using as ” the total number of segregating sibships reported. Actually, of course, 
the range of error involved is greater than that given by the standard error, 
but for present purposes this error is a sufficient approximation. In these cal- 
culations, the c value assumed for the European population is 0.01, and for the 
Japanese, 0.06. The value of 0.01 is of course too high for contemporary Euro- 
pean populations, but probably approximates the true value 40 to 60 years 
ago, when the parents of many of the sibships on which the calculations are 
based were married. Although the observed incidence of first cousin marriage 
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in our two studies of Japanese material was 4.30% and 4.78%, these studies 
were very heavily weighted in favor of urban-contracted marriages. When al- 
lowance is made for this fact and for a possible secular trend, an estimate of 
6.0% seems not unreasonable. In selecting for purposes of calculation values 
of 0.01 and 0.06 we have been perhaps unduly influenced by the findings in 
urban populations, but feel that in both Europe and Japan these groups prob- 


TABLE 6. THE INCIDENCE OF CONSANGUINITY IN THE PARENTAGE OF INDIVIDUALS WITH CERTAIN 
RECESSIVELY-INHERITED DISEASES, AND THE GENE FREQUENCIES WHICH MAY BE 
CALCULATED THEREFROM 


Comparison of Caucasian (predominantly European) and Japanese figures. (Further explanation 


in text.) 
INCIDENCE OF 
RECESSIVE GENE 
TRAIT AUTHORITY FREQUENCY 
PARENTS (k) 
1, Albinism 
0.18-0.24 | Pearson, 1913 0.0021-0.0030 
0.37-0.59 | Kurasima, 1937 0.0029-0 .0075 
2. Infantile amaurotic idiocy 
0.27-0.53 | Slome, 1933 0.0006-0 .0018 
0.55-0.85 | Katsunuma, e al. 0.0007-0 .0034 
3. Ichthyosis congenita 
0.30-0.40 | Cockayne, 1933 0.0010-0.0015 
0.67-0.93 | Yamamoto and Ishikawa, | 0.0003-0.0022 
1939 
4, Congenital total color-blindness 
nee nite 0.11-0.21 | Peter, 1926; Bell, 1933; | 0.0025-0.0055 
Géthlin, 1941 
0.39-0.51 | Hohki; Hitomi, 1943 0.0041-0 .0069 
5. Xeroderma pigmentosum 
0.20-0.26 | Siemens & Kohn, 1925; | 0.0019-0.0026 
Cockayne, 1933; Mack- 
lin, 1936 


ably contribute disproportionately to persons seen in large medical centers. 
The assumption of c values somewhat above or below 0.01 and 0.06 would of 
course quite significantly influence the estimate of g, a fact readily apparent 
from a consideration of figure 1. 

A brief discussion of each of the traits listed in the table follows: 


1. Complete Albinism. This clear-cut and striking trait has been the object of extensive 
genetical studies. The evidence for the similarity of the genetic basis of complete albinism in 
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all cases has been summarized by Cockayne (1933). The data, though scanty, suggest that 
the great majority of pedigrees of complete albinism depend on one and the same autosomal 
recessive gene. Although sex-linked complete albinism may exist, it must be very rare. 
This conclusion has the support of the results of extensive work with albino mammals of 
several species; only a single gene for complete albinism is recognized in the mouse, rat, gui- 
nea-pig, and rabbit, four mammals which have been particularly studied in this respect. 

The most extensive work on albinism in man is Pearson’s monumental monograph (1913). 
Dahlberg (1938) states that the incidence of first cousin marriages among the parents of this 
material is 0.17. Hogben (1946), without stating the source, repeats a similar figure for con- 
sanguinity in the parentage of albinos. We have retabulated the data for all albinos recorded 
as of European parentage, excluding Jews, the latter because of possible genetic differences 
from other Europeans, and obtain, for 217 families, a figure of 0.21. In this tabulation, quite 
a number of European families were excluded from consideration because it was felt they had 
been insufficiently investigated in respect to consanguinity. The adoption of more liberal 
standards would of course lower the figure given above. The corresponding q value is 0.002- 
0.003. The most extensive and reliable Japanese study of albinism is that of Kurasima (1937). 
This investigator personally interviewed the parents of 21 sibships in which albinism had 
occurred, finding that 10 pairs were first cousins. In the Japanese material on albinism sum- 
marized by Komai (1934, 1947), the incidence of parental consanguinity of all types is only 
43.7%. The discrepancy is probably a reflection of incomplete ascertainment, and we shall 
use Kurasima’s figures. The corresponding gene frequency is 0.0029-0.0075. 

Albinism is sufficiently common and striking that numerous attempts have been made 
to estimate its frequency. Its incidence in Europeans has been variously placed at from 
1:10,000 in Norway to 1:100,000 in Russia (cf. Pearson, 1913, for an extensive review). 
No one who has considered the basis for these estimates can help but be highly dissatisfied 
with the available figures and the validity of the alleged differences between various groups. 
Probably the figure adopted by Hogben (1946), of 1:20,000 for European communities, is 
as satisfactory as any. Assuming that in the population studied the mean coefficient of in- 
breeding, a (discussed below), had a value of 0.001, this corresponds to a gene frequency of 
0.0066. Kurasima’s survey of Gifu prefecture revealed, for the summed population in the 
years 1901-1935, a total of 559 albinos in 26,685,028 persons, an approximate incidence of 
1:47,000. Assuring an @ value of 0.005, this corresponds to a gene frequency of 0.0028. 
This latter figure is in satisfactory correspondence with the Japanese value as calculated by 
c and k, whereas for the European figures there is a marked discrepancy. This discrepancy 
has been pointed out by Roberts (1932), Hogben (1946), and Gates (1946), among others, 
and the suggestion made that it can be explained by the existence of several different genes 
for albinism. An alternative explanation stems from the fact that many of the pedigrees of 
albinism in the literature and on which the estimate of k = 0.21 is based were collected dur- 
ing the nineteenth or early twentieth century, at which time the value of a may have been 
sensibly higher than the previously assumed value, approximating 0.002, with c = 0.02. 
Under these circumstances g as calculated from figure 1 would equal 0.005, while as calcu- 
lated from « and an incidence of 1:20,000 it would equal 0.006. This would appear to con- 
stitute a satisfactory agreement, but would tend to throw the European figures somewhat 
out of line with the Japanese estimate as based on direct methods. It is possible that this 
latter estimate suffers from a lack of complete ascertainment—a real problem in Japan. 

2. Infantile amaurotic idiocy. The question of whether the infantile and juvenile forms 
of amaurotic idiocy have different genetic bases or are de to the same recessive gene, whose 
mode of expression is very significantly altered by various modifiers, is relatively immaterial 
in a consideration of gene frequencies, since by treating them as separate and distinct entities 
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we are merely effecting two estimates of the frequency of the same gene. The apparently 
greater incidence of amaurotic idiocy among Jews than among Gentiles is well known. 
Because of possible genetic differences between the two groups, as well as differences in the 
value of a, we have, as for albinism, restricted our consideration to Gentiles. Unfortunately, 
this very drastically reduces the amount of material available. Slome in 1933 tabulated 18 
sibships in which amaurotic idiocy had appeared in Gentile families. In three of these con- 
sanguinity had not been ascertained. The incidence of first cousin marriage in the parentage 
of the remaining 15 sibships was 0.40. Among 109 Jewish sibships, consanguinity had not 
been ascertained in 28, with 0.16 first cousin marriages in the remainder. This would appear 
to point to a valid genetic difference between the two groups, especially in view of the 
probably higher ¢ value for Jewish groups. The Japanese material is also quite limited. 
Komai’s 1934 summary does not distinguish as to type of amaurotic idiocy; in the 1947 
material 3 of 6 sibships segregating for infantile amaurotic idiocy are shown as the results 
of consanguineous matings. Katsunuma, Murakami, and Takesita in an unpublished 
manuscript have summarized the Japanese data available to them. They were able to 
find reports of only 12 sibships in which the disease had appeared, for two of which parental 
consanguinity had not been ascertained. In the remaining 10 families, the affected children 
were the offspring of first cousins in seven cases. There is satisfactory agreement between 
the gene frequency estimates in the two populations as shown in table 6. 

The estimates of the incidence of consanguinity among the parents are for European 
populations much better for the juvenile form of amaurotic idiocy than for the infantile 
type discussed above (Sjégren, 1931). Unfortunately, the Japanese material on juvenile 
amaurotic idiocy is so extremely deficient at present as to render a comparison meaningless, 
Katsunuma, Murakami, and Takesita being able to find reports of only four segregating 
sibships, two of them the result of first cousin marriages. Sjogren (1931) in his studies on 
a Swedish population calculated from the & value of 0.15 observed in his material, assuming 
ac value of 0.01, that the gene frequency was 0.0038. In an independent calculation, based 
on an observed frequency of infantile amaurotic idiocy of 0.000038 in Sweden, he calculated 
a gene frequency of 0.0062, and a corresponding frequency of the heterozygotes of 0.012. 
The agreement between the two approaches appeared satisfactory. He emphasized the 
sources of error in his calculations and the tentative nature of his conclusions, pointing 
out the role of isolates (Heterozygotenherde). Dahlberg (1938) has criticized these calcula- 
tions severely, writing: 

“A correct calculation should show that in the isolates where the gene occurs the fre- 
quency of heterozygotes is much higher than 1 per cent., whereas the number of heterozygotes 
as related to the entire population amounts to only a small fraction of 1 per cent.” 

It is unfortunate that in this rather knotty situation Dahlberg did not publish figures 
to support his argument. This problem has more recently been approached by Dunn (1947). 
Using a formula which amounts to an approximation to the one given above, 


(1 + 15r) 

he first assumed panmixia with a c value of 0.01 and then calculated from Sjégren’s data 
an overall gene frequency of 0.0044. Pointing out (as had Sjégren) the fact that the disease 
in Sweden tended to occur in localized areas where the effective c value during the period in 
question (+1875-1930) more probably approximated 0.02, he then calculated a gene fre- 
quency in these of 0.009524. The observed frequency of occurrence (about 4 per 100,000 
births) could then be explained if it was assumed that about 40% of the population was 
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grouped into aggregates with the above gene frequency, while in the remainder the gene fre- 
quency was close to zero. However, even if this is the case, the overall gene frequency in the 
population would approximate (0.4 x 0.009524) + (0.6 x 0.0) = 0.0038, i. e., a value 
which is in fair agreement with Sjégren’s calculations and which certainly fails to support 
the above-quoted statement by Dahlberg. 

3. Ichthyosis congenita. There are usually recognized two forms of congenital ichthyosis, 
namely, ichthyosis foetalis and ichthyosis congenita larvata, while a third form, ichthyosis 
congenita tardiva, manifests itself shortly after birth. It is uncertain as to whether these 
are valid distinctions from the genetic standpoint or whether, again, this is a matter of a 
principal determinant influenced in its manifestation by important modifiers. Conversely, 
there could be several different genetic bases for each of these three categories, although 
there is no evidence in that direction at the present time. Most cases of ichthyosis of early 
infancy fall into the ichthyosis congenita larvata group. Cockayne (1933) tabulated the case 
reports of this latter condition which were available to him from the standpoint of parental 
consanguinity. Almost all these reports concerned European material. In a total of 92 sib- 
ships for which there was complete information concerning the sibship (discarding from his 
tabulation the two Japanese sibships reported by Matsumoto), there was no statement 
concerning consanguinity in 44, no known consanguinity in 19, a first cousin relationship 
in 22, and other consanguineous relationship in 7. The incidence of first cousin marriages 
thus lies between 0.24 and 0.46. It would seem reasonable to assume that in some cases where 
there is no statement concerning consanguinity, this matter has been investigated, found 
negative, and overlooked in the preparation of the manuscript, i. e., although there are un- 
doubtedly cases of first cousin marriage among the group for which there is no statement, 
the incidence is not so high as where the question has been specifically answered. We shall 
assume, somewhat arbitrarily, that the value of & is in the neighborhood of 0.35, probably 
falling between 0.30 and 0.40. 

The Japanese data are again quite limited. Of the seven sibships pictured by Komai 
(1934, 1947), six are the outcome of consanguineous marriage. Yamamoto and Ishikawa 
(1939), in a discussion of ichthyosis in which the above mentioned classification was followed, 
report that of 10 sibships for which information was available concerning parental consan- 
guinity, 8 were the outcome of first cousin marriage. As shown in table 6, the corresponding 
gene frequency is in satisfactory agreement with the European values. 

4. Congenital total color-blindness. Despite the significant clinical variations in the 
manifestations of this trait, we shall, for purposes of calculation, regard the group as genet- 
ically homogeneous, although it is possible that total color-blindness without associated 
ocular symptomatology falls into a separate category. The data concerning consanguinity 
in the parentage of European cases of total color-blindness are poor. Peter (1926) in a 
survey of the literature to date states that there was parental consanguinity for 14 of 60 
segregating sibships, but emphasizes that because of poor reporting this represents a very 
minimal figure. Three of the 14 consanguineous unions were marriages between first cousins; 
four of the 14 involved consanguinity of a degree not stated. Peter does not list the papers 
on which this statement is based. The lower limit of first cousin marriages in this data is 
thus 0.05 to 0.12. Of the 39 segregating sibships figured by Bell (1933), four are the result 
of a first cousin union, three of consanguineous unions stated to be other than first cousin, 
six of consanguineous unions the degree of which is not stated (one definitely second cousin 
or more remote), 12 of non-consanguineous matings, and 14 of matings for which there is 
no clear statement regarding consanguinity. The lowest incidence of first cousin marriage 
is thus 0.11 while the highest is 0.36. Géthlin (1941) states that parental consanguinity was 
present in 13 of 40 well studied sibships reported in recent years by himself and other authors 
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—assuming that half of these consanguineous unions involved first cousins, this is an in- 
cidence of 0.16. Despite these discrepancies, it appears that the incidence of first cousin 
marriages in this material is somewhat less than in the parentage of several of the other 
diseases which we have discussed—for purposes of calculation we will adopt a value of 0.16, 
with the true value probably lying between 0.11 and 0.21. 

Three Japanese summaries are worthy of mention. Hohki (1941, quoted from Géthlin) 
was able tc locate reports of 89 cases in 44 sibships, 0.47 the offspring of first cousin unions. 
Hitomi (1943) in his summary listed 67 segregating sibships, with the parents definitely 
first cousins in 23 instances, and quite probably so in even more, since the degree of con- 
sanguinity was not always clearly stated. This is a minimum incidence of 0.34. Komai 
(1934, 1947) records 69.2% consanguinity in the parentage of 26 segregating sibships. A 
figure of 0.45 seems a not unreasonable estimate of the frequency of first cousin marriages 
in the parentage of these individuals, with the true values possibly between 0.39 and 0.51. 
There is satisfactory agreement between the corresponding estimates of gene frequency 
in the two populations. There are no satisfactory estimates of the frequency of this disease 
in the general population. Géthlin (1924) has very tentatively suggested an incidence of 
1:300,000 in Sweden. The gene frequency figures, on the other hand, would suggest that the 
condition is somewhat more common. 

5. Xeroderma pigmentosum. This rare disease is so striking that in the past a relatively 
high proportion of the cases seen in European medical centers have probably found their 
way into the literature. The condition appears to depend on a very specific alteration in 
metabolism which might have several different genetic bases but most probably has only 
one. The authoritative summary of Siemens and Kohn (1925) has been added to by Cockayne 
(1933) and by Macklin (1936). A total of 417 cases in 265 families had been reported up to 
1933. Siemens and Kohn (1925) have pointed out that if all the reported cases are divided 
into those reported prior to 1906, and those recorded later, consanguinity is more common 
in the latter; this is probably a consequence of more thorough investigations in recent 
years. There is some evidence that the condition occurs more commonly in the offspring 
of marriages between Jews, and the consanguinity figures for this group may be different. 
Siemens and Kohn (1925) concluded that the true incidence of first cousin marriages in the 
parentage of the cases reported up to 1925 lay between 0.11 and 0.47. The first figure cor- 
responds to the percentage of first cousin marriages in all the material, while the second 
corresponds to the incidence of first cousin marriages in the cases reported since 1906 for 
which there is a definite statement as to presence or absence of consanguinity. When allow- 
ance is made for the inclusion of Jewish cases, the true figure for the Gentiles in this material 
may not lie far from 0.25. Of the 43 cases summarized by Cockayne which have appeared 
since the paper by Siemens and Kohn, 10 may be discarded as occurring in Arabs, Jews, or 
Japanese. In the remaining 33, four were the offspring of first cousins, five of other con- 
sanguineous mating, for six there was no relationship, and for 18 there was no statement. 
The incidence of first cousin marriage in this group thus lies someplace between 0.12 and 
0.27, with 0.20 being a not unreasonable figure. For purposes of calculation, then, we may 
assume that about 0.23 of the parents of individuals with xeroderma pigmentosum are 
first cousins. 

The Japanese data are fairly extensive, and present the same problems as do the European. 
Komai (1947) presents only 13 sibships, five the outcome of consanguinity. However, Ka- 
wakami (unpublished) in a careful survey of the Japanese literature has found since 1894 
reports of 382 cases in 252 sibships. Of these 252 sibships, 46 were the outcome of first cousin 
marriage, 10 were the outcome of consanguineous marriages of a degree stated to be other 
than first cousin, 25 were the result of consanguineous marriage the degree of which was 
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not stated, in 36 instances the parents were not consanguineous, and for 135 there was no 
statement. The true incidence of first cousin marriage in the parentage of this material thus 
lies between 0.18 and 0.61 (assuming in the latter figure that the 25 consanguineous marriages 
where the degree was not stated were all first cousins). An estimate of 0.40 for purposes of 
calculation would not seem to be unreasonable. 

Table 6 shows that for the gene responsible for xeroderma pigmentosum, alone of the 
five studied, there appears to be a discrepancy between European and Japanese figures, 
with the gene more common in Japanese. This finding receives some support from the 


relative volume of Japanese publications on the subject, as well as the impressions of Japa- 
nese clinicians. 


The Rate of Appearance of Induced Recessive Mutations in European and 
Japanese Populations 


Haldane (1947) has touched upon the problem of the temporal distribution 
of recessive phenotypes due to mutations induced in a brief period during the 
life span of a single generation, as by an atomic bombing, in a population in 
which a certain degree of heterozygosity already exists. In his calculations he 
assumed an a value of 0.001, i.e., the value found by Orel (1932) plus “allow- 
ance’’ for consanguinity present but undetected. It is of interest to consider 
briefly the effect of a higher a value on this temporal distribution. If we deal 
with only a single genetic locus, represented in the population by two alleles, 
A, the (dominant) normal, and a, a (recessive) derivative, then in a panmictic 
population in genetic equilibrium, the following approximate relationship 
obtains: 

m = (1 — fylag + (1 — 
or, restated in terms of g, 
— + — — ff) 
2(1 — f)(1 — a) 


where a = the mean coefficient of inbreeding, 
q = the frequency of the recessive allele under consideration, 
m = the natural mutation rate from A to a per gene per generation, 


assumed at 1 X 10-5, and 
f = the relative fertility of individuals homozygous for the recessive 
allele under consideration (f = 1 in absence of selection), here 
assumed at 0.5. 
This is undoubtedly an oversimplification of any situation which might be 
encountered in nature, since, to mention only two of the known complications, 
on the average each genetic locus is represented by more than two alleles, and 
reverse mutation from a — A is not incorporated into the equation. The latter 
will usually be a negligible factor and can safely be neglected. 
With these assumptions, equilibrium in a population where a = 0.00060 
(the observed value for a European population) will be reached at g = 0.00418. 
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When a = 0.00372 (as in the Japanese population investigated) equilibrium 
will be reached at the lower g value of 0.00299. The frequency of the recessive 
phenotype will of course be the same in the two populations, namely, 0.00001. 
The tentative calculations of gene frequency in the preceding section have, 
however, failed to suggest the gene frequency differences demanded by the 
equilibrium formula. The explanation of this is in all probability to be sought in 
the fact that the relaxation of inbreeding characteristic of present day European 
populations is of so recent origin in terms of generations that it has not yet been 
reflected to an appreciable extent in gene frequencies (cf. Haldane, 1939). 
Therefore, in a consideration of the comparative genetic effects of an atomic 
bombing we may start with the fact that, so far as can be determined at present, 
the frequency of highly undesirable recessive genes is approximately the same 
in Japanese and European populations, being in both populations at a level 
fixed by a much higher incidence of consanguinity than obtains in present-day 
European populations, with the corollary that because of a higher incidence of 
inbreeding the traits themselves are actually more common in the Japanese. 
This is not to infer, however, that the present Japanese population is in genetic 
equilibrium. It is probably more nearly so than European and American popu- 
lations, but there are still many factors to disturb the genetic balance. Yet for 
the grossly unfavorable recessive genes, there has probably been a sufficient 
approach to equilibrium in the past to render permissible in a first approxima- 
tion the use of the equilibrium formula to calculate the approximate frequency 
of recessive genes meeting certain requirements. 

The effectiveness of irradiation in producing mutation in human genes is 
unknown From analogy with the results in non-human material, we may 
assume, following the treatments of Haldane (1947) and Evans (1949), that the 
chance of mutation per gene per 7 in mature gametes is of the order of 2 X 107°. 
Then in a population of 100,000 survivors of an atomic bombing, each survivor 
having received on the average a dose of 100 r, the probability of an induced 
recessive mutation at the locus under question in any gamete is 100 X 2 X 10-8, 
or 2 X 10-*. This calculation involves the assumption that gonial cells, the 
source of gametes in the reproductive years following an atomic bombing, have 
the same sensitivity to irradiation as mature gametes, a point concerning which 
there are no exact data for mammals at the present time. Thus, in a population 
where g may be assumed originally to equal 0.003, the result of an atomic bomb- 
ing as described above will be to increase g to 0.003002, i.e., the chance is 1 in 5 
that in a population of 100,000 some one individual will have an induced re- 
cessive mutation at the particular locus under discussion. The assumed con- 
tribution of 100r to the total heterozygosity of the population is relatively 
small, and is only one-fifth that deriving each generation from the assumed 
spontaneous mutation rate for this locus. In connection with this statement, 
however, attention should be called to the unsatisfactory state of our knowledge 
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concerning human spontaneous mutation rates; the figure of 10-° per gene per 
generation used in this paper is the best approximation from a scanty data. 

Haldane (1947) has pointed out that once the natural equilibrium which 
regulates gene frequencies has been disturbed by such an event as an atomic 
bombing, the return to equilibrium values will in a population where a = 
0.0010 require thousands of generations, with the rate at which recessive 
zygotes are to be expected rising in 200 years or less to a level somewhat in 
excess of 3a if there is already considerable heterozygosity at the locus in 
question—which will usually be the case. Where the coefficient of inbreeding is 
six times higher, as in the present Japanese population, we may expect that 
the return to equilibrium will be accelerated, but the genetic effects of the 
bombing, being distributed over fewer generations, will be correspondingly 
more obvious. Thus, following Haldane (1947), we may, disregarding selection 
and making assumptions as shown, calculate the “‘peak”’ genetic effect for an 
assumed particular locus in the two populations as follows: 


INITIAL GENE | INITIAL FREQUENCY INCREMENT “EQUILIBRIUM” 
| FREQUENCY rd OF RECESSIVES RECESSIVES | FREQ. OF RECESSIVES 

ag + (1 — a)? Aq(a + 2¢) | BEFORE SELECTION 

| q+ 4g 
| 
| 
.001 | .003 | .003 002 .000 011 991 | -000 000 014 | .000 012 005 
.006 .003 | .003 002 | .000 026 946 | -000 000 024 | .000 026 970 


As a result of this greater degree of inbreeding there will therefore be at the 
peak of the curve approximately twice as great an absolute effect when a = 
0.006, although the proportionate effect will actually be smaller. But in either 
case, the obvious impact on the population of induced mutation at this particu- 
lar locus will be small indeed, amounting at the peak to about 1.4-2.4 in- 
dividuals showing the trait per 100,000,000 persons. The total impact of the 
recessive mutations produced by an atomic bomb on two such populations will 
be the summation of the genetic effects on thousands of loci, differing among 
themselves as to initial frequency of recessives, sensibility to irradiation, selec- 
tive disadvantage of the homozygote, etc. If there were 30,000 loci each be- 
having as in the illustration above—a situation contrary to fact but useful for 
purposes of illustration—at the peak effect there would be 30,000 x 1.4-2.4 per 
100,000,000, or on an average 4.2-7.2 per 10,000 persons showing the effects of 
an induced recessive mutation. 


DISCUSSION 


The observation that the average coefficient of inbreeding is some six times 
as high in present day Japan as in comparable European populations imme- 
diately suggests the possibility of certain genetical consequences of this fact. 
However, attempts to utilize these data in various types of calculations rapidly 
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leads to issues of some complexity. We realize fully the errors inherent in the 
relatively crude methods utilized here, and the sources of criticism. However, 
even if refined mathematical methods did exist, it is doubtful whether the data 
available for European and Japanese populations would justify their applica- 
tion. It is hoped that this communication has further emphasized a fact already 
recognized by many students of human genetics, namely, that the weaknesses 
which exist in the present day data concerning the genetics of human popula- 
tions are no less extensive than the weaknesses in our mathematical tools for 
dealing with better data if they did exist. Valid studies of gene frequencies by 
indirect methods are as dependent upon an improvement in the quality of case 
reports and our knowledge of the breeding structure of human populations as 
on developments in mathematical theory. But when all due apologies have been 
made, the interesting fact remains that this first crude approach reveals in four 
out of five recessive abnormalities considered no apparent differences in gene 
frequencies between the European and Japanese populations. Despite the large 
errors of estimation, it appears that the four genes whose frequencies have been 
found to agree in the two populations differ significantly among themselves as 
to incidence, i.e., in both populations the genes responsible for achromatopsia 
and albinism are almost certainly more common than those which produce 
ichthyosis congenita and infantile amaurotic idiocy. The frequency seriation 
thus established corresponds with what is known or may be surmised regarding 
the selective disadvantage which these four genes confer upon homozygotes. 
Thus, for infantile amaurotic idiocy and ichthyosis congenita larvata f is and 
almost certainly has for centuries been zero. For congenital total color-blindness 
and albinism f is probably at the present time in the neighborhood of 0.7-0.8, 
but it seems probable that in past centuries the value has been more like 0.4- 
0.5, and this latter value is the one which has determined the present-day gene 
frequency. It is possible that the greater apparent frequency in Japanese of the 
fifth gene, xeroderma pigmentosum, is due to a higher f value in consequence 
of the skin pigmentation difference, although a different mutation pressure of 
course cannot be ruled out. 

The estimation of the rate of mutation of recessive or incompletely recessive 
genes is fraught with many pitfalls. Not the least of these is the necessary 
assumption that the species is in approximate equilibrium with respect to the 
genes in question. Because of the relatively recent decrease in the intensity of 
inbreeding in most countries of the world, this assumption will be incorrect for 
most bodies of data. The error introduced by the assumption should be small 
in the case of such relatively common genes as those responsible for thalassemia 
in Mediterranean peoples or sickle cell anemia in Negroes, and increase in in- 
verse proportion to the frequency of the gene. In the case of the first four genes 
under consideration in this paper, the estimates of mutation rate vary widely 
depending on whether one uses an a value of 0.001 or 0.006. Thus if for albinism 
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and congenital total color blindness we assume an f value of 0.5 and a g value 
of 0.005, at the assumed European a value of 0.001, m is 1.5 X 10-5, while at 
the Japanese value of 0.006, m is 2.8 X 10-5. Similarly for infantile amaurotic 
idiocy and ichthyosis congenita, with f values of zero and g values of 0.0015, 
mis 4 X 10-* at an @ value of .001 and 11 X 10-* at ana value of .006. Al- 
though racial differences in mutation rate are certainly a possibility, it seems 
more likely that the apparently lower mutation rates in Caucasians reflect the 
relaxation of inbreeding, so that the Japanese values are very significantly more 
accurate than the Caucasian. These Japanese values of 2.8 X 10-° and 1.1 x 
10-5, fall well within the range of estimates of human mutation rates. 

It is a pleasure to acknowledge the aid we have received from Dr. C. W. 
Cotterman in the treatment of some of the statistical problems discussed herein. 


CONCLUSIONS 


1. The incidence of consanguineous marriage in Japan has been investigated 
in three cities, Hiroshima, Nagasaki, and Kure, and in two special areas, an 
Eta village (Midori Machi) and a fishing settlement (Dainu). Among women 
currently registering their pregnancies for ration purposes, the percentage 
married to first cousins was 3.71 in Hiroshima (10,547 marriages), 4.10 in Kure 
(5,510 marriages), and 5.24 in Nagasaki (7,747 marriages). A survey of all mar- 
riages in selected sectors of two of the cities revealed first cousin marriages in 
3.93% of 3,283 Hiroshima unions, and 4.64% of 1,642 Kure unions. In the two 
special areas, first cousin marriages occurred in 5.44% of 147 Midori Machi 
unions and 7.12% of 323 Dainu unions. The mean coefficient of inbreeding in 
Hiroshima and Kure is 0.00372, some six times that of the only urban European 
population studied in this respect. 

2. Utilizing the theoretical relationship which exists under conditions of 
panmixia between gene frequency, consanguinity in the general population, 
and consanguinity in the parentage of individuals with recessively inherited dis- 
eases, very tentative calculations are made of the frequencies in European and 
Japanese populations of the recessive genes responsible for five diseases, namely, 
albinism, infantile amaurotic idiocy, achromatopsia, ichthyosis congenita, and 
xeroderma pigmentosum, assuming in each case a monogenic determination of 
the trait in question. It is emphasized that deviations from panmixia as well 
as deficiencies in the data very seriously limit the confidence which may be 
placed in the results of these calculations, so that the results may be regarded 
only as a first approximation. It is found that the frequencies of four genes 
show a tolerable correspondence in the two groups, while one gene, xeroderma 
pigmentosum, may be more frequent in the Japanese. 

3. Induced recessive mutations may be expected to manifest themselves 
significantly more rapidly in Japanese than in European populations if this 
difference in the coefficient of inbreeding persists. 
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Turner's Syndrome and Status Bonnevie-Ullrich 


A Synthesis of Animal Phenogenetics and Clinical Observa- 
tions on a Typical Complex of Developmental 
Anomalies 


O. ULLRICH 
Universititskinderklinik (Director: Prof. O. Ullrich), Bonn am Rhein, Germany 


BREEDING experiments and systematic embryological studies of developmental 
processes are not feasible in human genetics. Hence, human physiological 
genetics must be based in large part upon principles which can be learned from 
experimental genetics. On the general applicability of basic genetic laws there 
is no longer a question. But, just as the mechanism of simple and complex 
Mendelian transmission can be verified in man in full detail, it is also becoming 
increasingly evident that there is a parallelism in the modus operandi of certain 
genes in both man and animal. Since certain key genes undoubtedly play 
identical, or at least very similar, roles in the organizational plans of various 
higher organisms, it is understandable that the mutations of these genes should 
likewise have followed similar pathways. Even peristatic (i.e., intrauterine 
environmental) factors can exert themselves in embryogenesis in a manner 
simulating the action of mutant genes. Therefore, in developmental pathology, 
as in developmental physiology, a striking similarity is again apparent between 
man and higher animals. Our knowledge of homologous hereditary variations 
showing a similar genetic basis and developmental course in various mammalian 
species and genera is steadily growing. Thus comparative phenogenetics opens 
up a broad field of investigation for human biology and genetics. 

Especially suited for studies of this kind are the various abnormalities of 
general body form. To be sure, we need to forewarn ourselves against the dan- 
gers of inferring homologous genetic events for single characteristics. For we 
have learned from general genetics that phenotypically very similar traits can 
not only be due to different genes, but can also result from entirely different 
epigenetic events. However, the probability of drawing erroneous analogies is 
somewhat reduced in the case of complex characteristics. And, if a key to the 
understanding of apparently disconnected multiple anomalies can be acquired 
from observations of experimental animals, it is entirely appropriate to transfer 
knowledge gained in this way to an analysis of the phenogenesis of human 
anomaly-complexes. 

Among the more highly organized species, man is the best studied with re- 
spect to teratology. A gigantic store of observation is available on human 
multiple anomalies or “syndromes”, which morphologically can be analyzed in 
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minute detail. Their formal development, however, can at best be retraced into 
fetal life; events falling within the embryonic period can be reconstructed only 
in very limited measure through systematic investigation. It is here that the 
teachings of comparative pathological genetics can serve as a stepping stone, 
since it is precisely in embryonic development that the various mammalian 
species show the most far-reaching analogies. Whenever it is thus possible to 
find in the phenogenetic processes of an animal a connection with a human 
syndrome, it is not essential for its extension to human genetics that there be 
found an exact morphologic correspondence of the end products. Even in the 
case of completely homologous developmental processes one may expect differ- 
ences in the general plan of organization to produce certain deviations in the 
final mode of expression. Thus the desired synthesis demands to a considerable 
degree an inquiry into the phenogenetic mechanism starting from both the 
initial and the final stages of the process. 

In the following pages a typical complex of anomalies, Status Bonnevie- 
Ullrich (St.B.U.), will serve to illustrate the various possibilities of interpreta- 
tion that are afforded by a comparative analysis of developmental mechanics 
in the animal and clinical observations on man. 


THE BAGG-LITTLE MOUSE MUTATION, “MYELENCEPHALIC BLEBS” 


In what proved to be a trail-blazing discovery in the field of mammalian 
phenogenetics, Kristine Bonnevie (1932, 1934) wasenabled by a discerning com- 
bination of genetic experiments and embryological analysis to reach a flawless 
clarification of the formative events underlying various multiple anomalies in 
an abnormal strain of the house mouse. The mutation analyzed by her was one 
recovered by Bagg and Little (1924) from a race of inbred, x-rayed mice. It 
proved to be a monogenic recessive abnormality manifesting itself in the form 
of very diverse malformations of the head and extremities. The eye defects 
consisted principally in a narrowing of the palpebral fissures, sometimes asso- 
ciated with a reduction in the size of the globe (microphthalmia) and a twisting 
of the snout to the same side (fig. 4). Also the ears were variously deformed; 


Fics. 1-5. Abnormalities in embryos and adults of the “myelencephalic bleb” mutation in the 
house mouse (Bagg-Little). 

Fic. 1. a. Cross-section; 6. Sagittal section through the myelencephalon in the 7 mm. embryo, 
showing foramen anterius (for. ant.). After Bonnevie, 1934. 

Fic. 2. a. Primary blebs of the neck and shoulder region in a 10 mm. embryo; b. Blebs of the hind 
foot. After Bonnevie, 1934. 

Fic. 3. Severe foot deformities in Bagg-Little mice. After Bonnevie, 1934. (Compare with figs. 
6, 8 and 9.) 

Fic. 4. Atrophic left eye and asymmetry of skull due to bleb of the left side of head. After Bagg 
and Little, 1924. 

Fic. 5. A litter of 8 young resulting from a mating of two my/my mice, showing localization of 
blood-filled blebs of the head region. Left and right sides of each embryo are shown. After Bagg and 
Little, 1924, in the American Journal of Anatomy. 
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unilateral or bilateral microtia were not uncommon. The anomalies of the 
limbs were very diversely comprised of syndactyly, polydactyly, hypodactyly, 
and severe clubbing defects, such defects being usually unilateral, more com- 
mon on the left side than on the right, and much more frequent and more 
severe in the forefeet than in the hindfeet. 

By means of extensive studies on hundreds of embryos of all stages, Bonnevie 
was able to trace the origin of these multiple defects to an exudation of cerebro- 
spinal fluid beneath the skin of the neck. In normal mouse embryos of 7-8 mm. 
this fluid, already being formed in the myelencephalon, escapes through a 
transitory opening in the roof of the primitive fourth ventricle, the foramen 
anterius (fig. 1), and collects beneath the epidermis, where it is absorbed. In 
the abnormal Bagg-Little embryo, however, an excess quantity of cerebrospinal 
fluid collects in the neck region in the form of a large bleb or blister (fig. 2a). 
These primary neck blebs (Nackenblasen) then migrate beneath the epidermis— 
guided by the surface relief and conditions of tension in the embryonic skin— 
over the lateral portions of the head into the face (fig. 5), and over the trunk 
into the extremities (fig. 2b). Through stagnation in the concave areas, such as 
the orbital pits, or after arrestment at the ends of the limb buds, the increased 
pressure resulting from subsequent transudation of blood and lymph leads to 
the disruption of formative processes in their sensitive phases and hence to 
persisting anomalies. Wandering blebs leave scarcely any trace of their paths, 
these being detectable at most by a somewhat sparse growth of the hairy coat. 
Also, in places where gross deformities are produced through the pressure of 
arrested blebs, the fluid is usually wholly resorbed during the fetal period. 

On the basis of Bonnevie’s studies, this syndrome in the mouse was later 
termed ‘“‘myelencephalic blebs” by Little and McPheters (1932), the recessive 
gene being labelled my. For further details and references to the extensive 
literature the reader is referred to summaries by Griineberg (1943, 1947). 


THE ASYMMETRIC FORM OF STATUS BONNEVIE-ULLRICH 


This astonishing revelation of the formative processes responsible for mul- 
tiple anomalies in Bagg-Little (my) mice was utilized by me in 1936 for the 
elucidation of very similar complexes of deformities in man. Entirely new refer- 
ence points were thus established for the interpretation of a seemingly inex- 


Fic. 6. Severe malformation of hand in form of symbrachydactyly, combined with unilateral 
Pectoralis defect. After Steche, 1905. 

Fic. 7. Congenital ophthalmoplegia (combined bilateral facialis-abducens paralysis), associated 
with ptosis, narrowing of the palpebral fissures, and unilateral defect of the Pectoralis. After Peritz, 
1912. 

Fic. 8. Asymmetric form of St. B. U. in an 18 month-old boy: right-sided Facialis paresis, asym- 
metry of thorax, with Pectoralis defect and hypoplasia of the nipple, unilateral shortening of the 
arm, with brachydactyly and syndactyly of the hand, and ogive palate. After Petersen, 1939. 

Fic. 9. Congenital right-sided facialis paralysis, with deformed right ear and right upper ex- 
tremity. After Essen-Miller, 1928. 
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plicable maze of facts found in the case-history literature 6n congenital ab- 
sence of muscles and congenital motor disturbances of the cranial nerve domain. 
As in all other developmental anomalies, no unitary concept of pathogenesis 
dared be postulated for these two groups of defects, as was evident from a 
purely morphological classification. However, a close relationship between 
certain forms of muscle defects of the trunk and congenital disturbances in the 
cranial nerve region could be deduced from the fact that they were not in- 
frequently observed in combination. Furthermore, they are often accompanied 
by still other anomalies of a sort suggesting a common teratologic origin of the 
two groups of defects. 

The typical unilateral Pectoralis defects are regularly associated with hypo- 
plasia or aplasia of the nipple and a generalized atrophy of the overlying skin 
and its appendages (sweat glands, hair follicles). Rather frequently they are 
combined with more or less profound deformities of the hand on the same side. 
Motor defects in the cranial nerve region are likewise encountered in association 
with atrophy of the skin, anomalies of the hair and sweat glands, ear deformities, 
including microtia, and defects of the ocular adnexa (absence of the caruncula 
lacrimalis, hypoplasia of the tear glands, narrowing of the eye-slits, etc.). 
There are in the literature not a few cases (e.g. Giitermann, 1902; Schmidt, 
1897 ; Spatz & Ullrich, 1931) in which the multiple defects of the head and trunk 
regions bear an exceptionally strong resemblance to the anomaly complexes 
of the my mouse. Especially the severe unilateral deformities of the hand 
(symbrachydactyly) which accompany Pectoralis defects, and the above- 
mentioned dysplasias of the orbital structures show an almost complete iden- 
tity with the animal abnormalities clarified by Bonnevie’s work (figs. 3 and 6). 

With the aid of the bleb mechanism, moreover, all of the other peculiarities 
of the syndrome under discussion are made intelligible in a striking way. All 
of the developmental anomalies of the hand in their varying forms—from the 
“club-hand’’, corresponding to the embryonic hand-paddle, to the simple 
cutaneous forms of syndactyly—are also exhibited by my mice. And again, just 
as the my anomalies are more frequent and more severe in the fore-limbs, the 
defects of the feet in man are quite secondary to those of the hands. Nothing 
is known concerning unilateral Pectoralis defects in my mice. Since such defects 
in man (in contrast to the symmetric muscle aplasias) are never strictly con- 
fined to the musculature, but are usually accompanied by defects of the ad- 
jacent skin structures and sometimes even by a cleft of the underlying ribs, 
it has been customary to assume some arresting agent working from the out- 
side; for example, a hammer-like pressure action of the anterior limb bud or 
the chin might be considered. But it seems much more reasonable to account 
for these developmental arrests of the Pectoralis in their many variations by the 
action of a cerebrospinal fluid bleb, which, in the course of its migration from 
the neck region into the limb bud, may come to rest in the shoulder region. 
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The bleb theory proves to be particularly illuminating with respect to the 
polymorphic nature of the anomalies found in conjunction with congenital 
locomotor disturbances in the cranial nerve region. Functional deficiencies in 
this area might be equally due to “muscle defects’’ or to lesions of the nerves 
or their motor centers (nuclear defects). The Bonnevie theory offers. an ex- 
planation par excellence for all such possibilities of damage, inasmuch as the 
primary neck bleb develops over the nuclear region of the medulla oblongata 
and then wanders over the lateral aspects of the head into the face. Thus, there 
is a good explanation for unilateral facial paralysis combined with a malformed 
ear (fig. 9). Of great significance is the fact that in cases of ‘congenital nuclear 
damage’ (Heubner, 1900) there is no primary agenesis in the strict sense. 
Just as in Heubner’s classical demonstration, it was again apparent in a study 
by Spatz and Ullrich (1931) that the nuclear anlage must have been present 
but was destroyed at an early embryonic stage. These two important demon- 
strations were concerned with cases of bilateral ophthalmoplegia and combined 
abducens-facialis paresis. The nuclei of these two cranial nerves lie at the base 
of the rhomboidal sinus, at precisely the place where the primary neck blister 
forms, so that a pressure effect of the latter would be expected to be most 
strongly expressed upon these nerves. 

Also explained in the finding of Schiissler and Leischner (1944) that com- 
bined VI + VII paralysis always involves a complete deficiency of the upper 
facial region. From the topological relations of the facialis nerve, it is apparent 
that mechanical pressure damage to the narrowly circumscribed region of the 
abducens nucleus is scarcely possible without simultaneous injury of the over- 
lying root of the facialis. The further, infranuclear, tracts of the VIéh and VIIth 
nerves offer considerable variety in the possibilities for damage, so that iso- 
lated facialis or abducens pareses are also frequently encountered in varying 
forms (fig. 8). 

One further important fact can be deduced independently from a survey of 
the published case-reports on cranial nerve defects: it is precisely the combined 
forms of abducens paralysis that are most commonly observed in company with 
the above-mentioned dysplasias of the orbital structures and also with the 
“typical” defects of the Pectoralis and the galaxy of associated anomalies 
(fig. 7). For such associations of ‘“‘nuclear lesions” and peripheral developmental 
disturbances a most cogent explanation is provided for the first time in the 
theory of wandering cerebrospinal fluid blebs. 


PTERYGIUM COLLI AND CONGENITAL LYMPHANGIECTATIC EDEMA 


In addition to the concordance shown by the human and my anomalies in 
their final phenotypic form and in their aggregations, one can also infer from 
the available clinical observations a parallelism in their development extending 
back into fetal life. The transfer of the cerebrospinal bleb mechanism to human 
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beings was made particularly obvious to me in view of the fact that prior to 
the publication of Bonnevie’s work I had called attention to the curious edema- 
tous conditions of the skin which occur as a part of the syndrome involving 
muscle aplasias and nuclear deficiencies. Starting from the observation of 
pterygium colli in a 6 year-old girl, I discovered from a review of the literature 
that the formation of such skin folds on both sides of the neck had a connection 
with so-called congenital lymphangiectatic edema, the latter being evidently a 
forerunner of pterygium colli. The association was described as a “‘typisches 
Kombinationsbild multipler Abartungen” (Ullrich, 1930). It included, in addi- 
tion: deformities of the ears, hypoplasia of the nipples, syndactyly, and dys- 
trophies of the nails, as well as muscle defects and motor disturbances in the 
cranial nerve area. Later, on extending the bleb theory to human malformations 
in 1936, I was able to add from the literature (e.g., Wernher, 1843) descriptions 
of stillborn fetuses showing massive edema of the neck region (fig. 11) of a form 
like that occurring in my mouse embryos—thus extending the similar course 
of phenogenesis still further backward toward its inception. 

It would thus seem that the cerebrospinal bleb mechanism had been estab- 
lished without a gap, commencing with the time of origin of the primary neck 
blister. Nevertheless, I have pointed out from the beginning that such analogies 
based upon purely epigenetic events do not prove the presence of an identical 
starting mechanism. The syndrome in my mice has been shown to be recessively 
inherited ; therefore, the excess oozing of cerebrospinal fluid must be conditioned 
by the action of the abnormal gene in homozygous state (my/my). Thus far 
no definite conclusion has been reached concerning the inheritance of the cor- 
responding syndrome (St.B.U.) in man. Moreover, the transfer of the bleb 
theory to man does not, of course, demand a genetic determination of the re- 
sulting human anomalies. It is at least conceivable that purely peristatic fac- 
tors might initiate the appearance of excess cerebrospinal fluid.’ 

On purely theoretical grounds, one would expect ‘‘wandering cerebrospinal 
fluid blebs” to produce a kaleidoscopic assortment of defects, in other words, 
a markedly polyphenic syndrome. In assigning the various clinical cases to 
St. B.U. it is therefore neither essential that inheritance should be demonstrated 
nor that an exact correspondence should be evident between the human anom- 
alies and those shown by my mice. Furthermore, no single characteristic in 
itself can be regarded as pathognostic. Each individual patient and each 
anomaly-complex proposed for consideration under St.B.U. must be critically 
analyzed from both the clinical and phenogenetic points of view. For this pur- 
pose I regard the following criteria as significant: 

1 An observation by Liebenam (1938) on twins is of interest in this connection. In a pair of one- 
egg twin sisters, only one exhibited a complex consisting of unilateral absence of the Pectoralis an‘ 
severe syndactyly, whereas in respect to a slight scoliosis, a slanting pelvis, and a hypoplastic high 


swung scapula the twins showed mirrored concordance. From this observation one can infer a strong!y 
modifying action of intrauterine environmental factors. 
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1. The designation of St.B.U. should be reserved for those multiple de- 
formities or syndromes which, in their form and distribution, are wholly ex- 
plicable in terms of the bleb mechanism. Since this mechanism permits a cer- 
tain freedom of expression, isolated anomalies of each type and symmetrical 
systemic anomalies should not be drawn into consideration here. 

2. Within the general group of congenital motor defects in the cranial nerve 
region and congenital muscle defects it is particularly fitting to consider those 
involving a combination of nuclear lesions and peripheral muscle aplasias and 
other typical anomalies. Also, Bonnevie’s theory provides the best available 
explanation for those cases of typical unilateral Pectoralis defects with de- 
formities of the hand, even when unaccompanied by demonstrable anomalies 
in the head region. 

3. A marked involvement of internal structures in any such complex of 
abnormalities cannot be harmonized with the bleb hypothesis except in special 
instances, and these must be decided with extreme caution.* 

4. A most important diagnostic index is furnished by the occurrence of con- 
genital edematous conditions of the neck and extremities, especially when an 
asymmetric distribution is evident. “Congenital lymphangiectatic edema,” 
however, requires a careful differentiation from other edematous skin conditions 
of infancy. 

Following my detailed formulation of its serviceability for human pathology, 
it was natural that Bonnevie’s remarkable discovery should have been widely 
employed for the explanation of various syndromes of developmental anomalies. 
Thus many authors, with or without knowledge of my publications, have ex- 
tended the circle of abnormalities to be considered under St.B.U. considerably 
beyond the confines which I originally proposed. Although Bonnevie’s theory 
is especially attractive in relation to the many diverse combinations of de- 
formities of the head and extremities, it cannot be used as a basis for unifying 
all of these syndromes. The criteria which I have proposed have often been 
disregarded in assigning individual cases and certain syndromes to St.B.U. 
In a recent summary paper (Ullrich, 1949) I have undertaken a critical review 
of this literature. The results can be summarized here only briefly, with the 
omission of many details. 


In no case should the concept of “bleb diseases” be boundlessly extended in the manner 
attempted by Engel (1940). If one heeds the various criteria set forth above, it is easy to 
see that the bleb theory is surely misapplied in the case of Pfaundler-Hurler’s disease, in 
Morquio’s disease, in Léri’s “‘pleonostéose familiale,” in the Moon-Biedl-Bardet syndrome, 
and in Crouzon’s form of craniofacial dysostosis and other types of oxycephaly. Apert’s 
acrocephalosyndactyly is somewhat more pertinent since in this combination of head and 
limb deformities the latter strongly resemble symbrachydactyly, as observed in cases of 
Pectoralis defect. The “spoonhand” in Apert’s syndrome would seem to be readily attribut- 


* For example, minor developmental defects of the heart might be explained by the penetration of 
bleb fluid from the shoulder region into the mediastinum (Glanzmann, 1946). 
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able to a developmental arrest resulting from a cutaneous cerebrospinal fluid bleb. However, 
the decided symmetry of this condition and its constant form of expression have led me in 
agreement with Nachtsheim (1943) and Haase (1942) to expressly dissociate acrocephalo- 
syndactyly from St.B.U. (Ullrich, 1943). Originally I, too, assumed a close relationship be- 
tween mongoloid idiocy and the syndrome which I defined involving pterygium colli (Ullrich, 
1930). Later, however, in transferring Bonnevie’s findings to human anomaly-complexes, 
I found it necessary to revise this view (Ullrich, 1936). Mongolism, because of its generalized 
symmetrical character, cannot be satisfactorily explained by the bleb hypothesis. 

Arthrogryposis multiplex congenita (Stern), which Heijbroek (1941) has attempted to 
unite with St.B.U., must be excluded as a symmetrical form of mesodermal dys- 
plasia (Niemeyer, 1946). I am also inclined to regard as extraneous 2 cases of “cranio-carpo- 
pedal dystrophy” described by Freeman and Sheldon (19382, 5), despite the associated 
facial swellings, because of the symmetric nature of the defects of the extremities. Further, 
it is surely improper to attribute the “hereditary potato-nose” anomaly in Benjamin and 
Stibbe’s family to the Bonnevie mechanism merely because occasional deformities of the 
hands appear in the family (Nieuwenhuijse, 1942). 

Since pterygium colli occupies a central position in this complex of multiple anomalies 
and together with the antecedent congenital edema of the skin serves as a useful connecting- 
link between the human and animal anomalies, it is tempting to relate webbed skin forma- 
tions in other parts of the body to cutaneous cerebrospinal fluid blebs. As in all other de- 
velopmental defects, however, a winged-skin deformity may result from various phenogenetic 
causes. In particular, the unilateral or bilateral skin folds of the popliteal spaces (Kopits, 
1937; Marquardt, 1938; Aberle-Horstenegg, 1938), in which there are included muscle 
fibers and nerve trunks, I consider to be unrelated to St.B.U. It is noteworthy that Kieser 
(1939) was able to demonstrate a relationship with Status dysraphicus (Bremer, 1926, 1929) 
in a family showing hereditary multiple skin webs, for which he proposed the more specific 
title, “‘myelo-osteo-musculo-dysplasia hereditaria.” This constitutional disorder also ex- 
hibits numerous other phenotypic connections with the complex of St.B.U.: dysplasia of the 
nipples, funnel chest, contractures of the fingers and toes, extraocular muscle palsy, etc. 
Clinical differentiation of Status dysraphicus—of which the early manifestations in childhood 
are as yet little known—and the anomalies due to cutaneous edema can present extra- 
ordinary difficulties. However, it is my opinion that the cutaneous bleb theory is not appli- 
cable to these multiple deformities of a very different nature. 

Among the congenital conditions involving fluid accumulations and stretching of the 
skin there are two clinical pictures which may be mentioned. They are, however, distinct 
from St.B.U. by virtue of an extensive involvement of the internal organs. Siegmund (1938) 
demonstrated in 2 sibs possessing “‘congenital lymphangiectatic edema” a severe deficiency 
of the elastic connective tissue generally. This “elastotrypsia” explained not only the loose- 
ness of the skin, but also the formation of numerous intestinal diverticula in these indi- 
viduals. Under the title of “dysencephalia splanchnocystica”, Gruber (1934) described a 
characteristic syndrome of stillborn infants in which there are hernioid changes of the brain 
and cyst formations of the abdominal organs, combined with anomalies of the extremities. 
Gruber justifiably considers the bleb hypothesis unsuited for the clarification of these com- 
plex anomalies. 


THE SYMMETRIC FORM OF STATUS BONNEVIE-ULLRICH 


When the developmental mechanism due to Bonnevie is not overextended 
in theory, but is restricted to those abnormalities which it so plausibly and 
simply explains, serious objections cannot be raised against its transfer to 
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human teratology. Nevertheless, in reviewing the pertinent literature I have 
reached the conclusion that a certain refinement and subdivision is necessary 
even within the circle of multiple anomalies which | originally regarded as 
relevant. 

\s outlined above, I originally considered congenital lymphaniectatic edema 
(fig. 10) as a part of the typical syndrome described in 1930, and | also re- 
garded the medial hygromas of the neck seen in stillborn fetuses (fig. 11) as a 
connecting link of great importance for the extrapolation of the wandering 


Fic. 10. “Congenital lymphangiectatic edema” of the hands and feet in a female infant, with 
ystrophy of all nails, especially the toe-nails. After Ullrich, 1938. 

Fic. 11. Stillborn fetus with massive edema of the neck and arms. Courtesy of Prof. Rietschel, 
University of Wiirzburg Kinderklinik. 
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bleb mechanism to man. At that time only a few observations were available 
to serve as examples of the typical syndrome comprising pterygium colli. 
Meanwhile a large number of cases have since been described (in part as 
“St.B.U.") which conform without question to the syndrome which I 
described as a special biotype (fig. 12). The essential features of the complex 
were independently described above all by Turner (1938) without knowl- 
edge of my publications. On the basis of no less than 9 cases, this author 
characterized as a new syndrome the triad of ‘infantilism, congenital 
webbed neck, and cubitus valgus” (fig. 13). On the identity of Turner’s 


« 
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Fic. 12. “Typisches Kombinationsbild 
multipler Abartungen” [after Ullrich, 
1930). Symmetrical form of Status Bonne 
vie-Ullrich: pterygium colli, hypoplasia 
of nipples, deep-set ears, characteristic 
physiognomy, with ptosis and triangular 
shaped mouth. 


AGE 153 
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Fic. 13. Turner’s syndrome: Infantilism, webbed neck, and cubitus valgus in 6 female patients. 
After Turner, 1938, in Endocrinology. 


Fic. 14. Development of pterygium colli from congenital edema sac of the neck region: a. Fen 
newborn with neck edema sac; 6. Female nursling with broad loose neck folds; c. Female, 2 months 
old, with broad neck skin and diagonal folds in the region of the low-set hair line, combined 
lymphangiectatic edema of the extremities and dystrophic nails; d. One year-old female, with br 
loose neck flaps of the nape congenital lymphangiectatic edema of the hands and feet, and dystr 
of the toe-nails; e. (rigit, unlabeled) Eight year-old female with typical pterygium colli (orig 
type case of “Status Bonnevie-Ullrich”’). Personal observations. 
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syndrome and that described by myself prior to the appearance of Bonnevie’s 
reports there can be no doubt. In the description of my original female 
patient with pterygium colli, mention was made of the small stature and the 
hypoplasia of the nipples, as well as the cubitus valgus position of the arms 
(fig. 12). The characteristics emphasized by Turner, on the other hand, reca- 
pitulate only some of the more conspicuous features which suffice for the 
recognition of the complex which I described in greater detail. Since Turner 
conceived the syndrome as being primarily an endocrine disorder, it is 
natural that less attention was accorded the less conspicuous anomalies and 
that the fundamental significance of the congential skin edema was not 
recognized. 

As is so often true of newly described diseases, the further characterization 
of Turner’s syndrome (in the American literature) and Status Bonnevie- 
Ullrich (in the European literature) followed somewhat different lines. More- 
over, due to the limitation of scientific exchange during and since the last war, 
it was only very recently that the identity of the two described pictures be- 
came evident. 

On the basis of this literature and further personal observations, the clinical 
features of this syndrome can now be summarized in the following manner: 

By virtue of a relatively constant expression of its component traits, St.B.U. 
like other “‘syndromes”, is distinctive among the general class of multiple 
anoinalies. The impression created is peculiar to the syndrome alone and per- 
mits one at first glance to speak of a special “type”. Foremost among the traits 
responsible for the singular appearance is the pterygium colli, the bilateral 
broad folds of neck skin extending from the shoulders to the mastoid processes, 
and the resulting illusion of a short neck. The regularly associated moderate 
dwarfness or nanism, the distinct hypoplasia of the nipples and—especially in 
females—the marked retardation of maturation and the infantile character- 
istics are immediately apparent. Other distinguishing features include: the 
looseness of the skin (cutis laxa), the low hair-line at the nape, and the deep-set 
ears; the latter usually show attached lobes and other “degenerative” char- 
acteristics, including at times an abnormal channeling of the auditory meatus. 
Motor defects in the cranial nerve region are hardly mentioned. In particular, 
there are no reports of asymmetric pareses or combined cranial nerve paralysis, 
such as the bilateral abducens-facialis type, which might be referred to a lesion 
in the nuclear area. Nevertheless, the rather languid expression of the entire 
face, the sagging eyelids, which only rarely constitutes an actual ptosis (Ullrich, 
1930; With, 1935), the frequent epicanthus, and the deep-set corners of the 
mouth producing a triangular mouth, are very prominent. Also characteristic 
are the dystrophic nails which are usually found on all fingers and toes; these 
are markedly shortened and perpendicular, and have been described as spoon- 
nails or koilonychia (Glanzmann, 1946; Guinand-Doniol, 1947). With the ex- 
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ception of the pterygia of the neck, there are as a rule no other web formations, 
except perhaps between the fingers; numerous, though rather inconspicuous, 
webs of various interdigital areas have been observed only by Ostertag and 
Spaich (1936). 

Skeletal anomalies are found principally in the head region. In addition to 
a constantly observed “‘ogive palate”, Fanconi and Grob (1934) first drew at- 
tention to the marked development of the impressiones digitatae of the skull, 
which Rossi (1945) was able to confirm in almost all of his cases. Another al- 
most invariable symptom in my experience is the cubitus valgus deportment of 
the arms, to which Turner drew attention. Also, a symmetric broadening of 
the epiphyses of the long bones (“champignon epiphyses’’) seems to be typical 
(Glanzmann, 1946; Morando, 1946). Unilateral skeletal defects of the lower 
extremities have been only occasionally encountered: Hofimann (1937): luxatio 
coxae; Cotterman (1948) clubfoot; Guinand-Doniol (1947) luxatio coxae and 
clubfoot. 

Involvement of the internal organs, apart from the gonads (see below), 
appears to be entirely in the background in the syndrome which constitutes 
the symmetrical form of St.B.U. Hofmann (1925) assumed the presence of a 
septal defect in a patient having a systolic murmur; pathologic cardiac findings 
were also mentioned by Hamne (1948) and Nageotte-Wilbouchewitch (1934). 
The kidney anomaly in Dreyfus’ (1936) case, in which there was assumed to 
be congenital lues and rachitis (renal form?), need not be related to the syn- 
drome.’ In contradiction to Rossi and Guinand-Doniol, a review of the entire 
literature reveals that there is no marked psychic underdevelopment as a rule. 
The intelligence can indeed be above average in some cases (Turner, personal 
observations). 

At birth, many cases show edematous swellings of the neck and extremities, 
which gradually subside in the course of the first few months or years. At this 
early stage, the superfluous skin of the neck region has not yet assumed its 
final characteristic form. Loose, flabby folds or sacs of skin occur over the nape 
and throat, and the gradual transformation of these into a typical bilateral 
pterygium (fig. 14) has been observed in one and the same patient in several 
instances (Rossi, personal observation). Similarly, there is often a marked 
edema of the hands and feet or both (fig. 10), which, after its regression, leaves 
the skin of the fingers and hands (toes and feet) “‘too loose”. Thus, cases de- 
scribed in the literature as “congenital lymphangiectatic edema”’ can be as- 
signed to the syndrome after careful differential diagnosis with respect to other 
edematous skin conditions of the newborn. 

In a summary paper now in press (Ullrich, 1949), I have assembled from the 

*It is noteworthy that kidney anomalies occurred in combination with the typical superficial 


anomalies in several stocks derived from Bagg and Little’s mouse strain. Whether these urogenital 
defects were actually due to the my gene was never conclusively determined (Griineberg, 1947). 
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German-language literature (including a portion of the observations on 
“Turner’s syndrome’’) more than 50 cases of St.B.U. This permitted me to 
strengthen a conclusion already hinted in an earlier paper (Ullrich, 1943), 
namely, that the syndrome which had at first seemed to me so convincing could 
no longer be reconciled with an unqualified theory of wandering cerebrospinal 
fluid blebs. Making use of the criteria listed above, it will be seen that there are 
unmistakable contradictions from several points of view. 

Although the centrally-produced motor defects of the cranial nerve region 
combined with asymmetric muscle defects and other malformations can be 
effortlessly aligned with “typical St.B.U.’’,* the constitutional complex cor- 
responding to Turner’s syndrome cannot be satisfactorily explained by the 
wandering bleb mechanism. Thus, the dwarfness, which in older patients is 
accompanied not only by hypoplasia of the nipples but also by generalized 
infantilism, cannot be explained without postulating certain ancillary hy- 
potheses which are not at present justified. But above all, the decided sym- 
metrical character of the syndrome comprising pterygium colli stands in clear 
contradiction to the theory. In fact, it is scarcely conceivable that more or less 
accidental wandering of cerebrospinal blebs could lead to a symmetrical dys- 
trophy of all fingernails and toenails, as is not uncommonly observed. These 
facts are not depreciated by the occasional finding of unilateral anomalies, 
such as foot deformities and dislocation of the hip. Furthermore, the clinical 
findings in the symmetric form of St.B.U. deviate from the conditions found 
in my mice in that the edema in the former is not dissipated until the first 
few months or years of life, whereas the cutaneous blebs of my mouse embryos 
are fully resorbed im utero. Conversely, in the typical or asymmetric form of 
St.B.U., there are no cases known to me of edematous skin conditions of the 
newborn. 

These considerations point to certain discrepancies between the asym- 
metric form of St.B.U. and the symmetric form which is characterized by 
pterygium colli. Even though such differences might not seem very deep-seated 
and perhaps even reconcilable, there is one further striking fact which points 
toa difference in the genetic basis and embryological mechanism: the syndrome 
including pterygium colli shows a strong predilection for the female, whereas 
no equally strong bias is evident in the asymmetric syndrome. Among 60 
definite cases of pterygium colli and congenital lymphangiectatic edema, I find 
the sex ratio to be 48 9:12. One must consider the possibility that this 
preponderance of females may result from a preferential recording of female 
cases due to the more pronounced character of the syndrome in this sex, es- 
pecially in older patients where there is an evident mammary hypoplasia and 
sexual underdevelopment. However, this seems to be excluded, since even in 


‘This group has been augmented by important recent observations by Petersen (1939), Schiissler 
and Leischner (1944), Liebenam (1938), and others. : 
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early childhood females outnumber male cases in the ratio 9:1, and among 13 
cases of “congenital lymphangiectatic edema” summarized by Volz (1938), 
only 3 cases are male, 2 cases being of unspecified sex (table I). 


A similar gynectropy, which certainly cannot be ascribed to chance, holds for the cases 
described under the title of “Turner’s syndrome.” After writing my more extensive review 
(Ullrich, 1949), 1 was enabled through the kind assistance of Dr. C. W. Cotterman to make 
a survey of the literature from America and other lands: 

Martin (1947) gives the sex ratio for Turner’s syndrome as 9 9: 1c, and Greenblatt 
and Nieburgs (1948) report their male patient as being the only exception known to them of 
the rule that the disease is confined to females, excepting one earlier report by Flavell (1943). 
However, in the same year Dorff ef al. (1948) and Foucar (1948) reported two additional 
male cases, and Foucar cites male patients reported by Sylvest (1940) and Bizzarro (1938). 
However, the great majority of the described cases are female (Schneider & McCullagh, 6 
cases; Turner, 9 cases; Allesandri et al.; Greenblatt & Nieburgs’ case #1; With; Sharpey- 
Schafer; Morando; Capurro; Hamne; Shreshevski, 5 cases; Slonimski). It is also noteworthy 


TABLE 1. THE SEX DISTRIBUTION IN STATUS BONNEVIE-ULLRICH 


REPORTED CASES FEMALES MALES 
Symmetrical form of Status Bonnevie-Ullrich 
Adults and older children......................... 31 8 
Infants and young children........................ 9 1 
40 9 
Congenital lymphangiectatic edema (cases of Volz). .... 8 3 


that the male cases recently added to the literature seem to show a somewhat milder ex- 
pression of the syndrome (Foucar, Martin, Bizzarro; Martin’s own case, however, must be 
excluded as a case of Klippel-Feil syndrome). 


In view of these considerations the question arises as to whether the syn- 
drome comprising pterygium colli, which includes Turner’s syndrome, should 
in any event be classified with St.B.U. In my opinion this may be answered 
in the affirmative, since the developmental origin of the majority of the anom- 
alies must be referred to fetal edematous conditions of the skin. The question 
remains, however, whether we are dealing here with “‘cerebrospinal fluid blebs”. 
To be sure, it is tempting to attribute the massive collection of fluid which 
gives rise to the pterygium colli to an escape of fluid from the foramen anterius, 
inasmuch as the latter structure has been demonstrated in the human embryo 
(Bonnevie, 1934). On the other hand, experimental embryological studies in 
animals have shown that the formation of unusual skin blisters, which seem 
to play a role in the etiology of many kinds of anomalies, are not exclusively 
derived from expressed cerebrospinal fluid. 
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I shall refer here only to the very careful studies of Sturkie (1941), who was able to trace 
the origin of naked areas on the head of the domestic fowl to epidermal blisters in the chick 
embryo, and to the remarkable “blood blisters” of the tips of the tails which Kaven (1943) 
demonstrated in fetuses of a strain of mice having kinky tails with wedge-shaped verte- 
brae. Also in Dunn’s st mutation (1934), a simple recessive form of brachyury combined 
with locomotor disturbances and deafness, the newborn mice show peculiar blood-filled 
blisters over the crown of the head and in the neck region. These were subsequently shown 
by Bonnevie (1940) to arise in a manner entirely different from that of the cerebrospinal 
blebs of my mice. 

The developmental physiological theory of Blechschmidt (1947, 1948) also seems worthy 
of mention in this connection. This anatomist regards conditions of tension in the epidermis, 
resulting from fluid accumulations within the embryo, to be a fundamental determinant of 
the general body form. He presumes that the amnionic fluid derives from the embryo by a 
process of active epithelial transudation, in which the ends of the extremities and the axillae 
are differentiated as areas of especially active transfer. In personal communication with 
Prof. Blechschmidt I am told that severe edematous conditions of the neck are “not infre- 
quently” seen in human embryos. The confirmation and further elaboration of Blech- 
schmidt’s theory remains for the future. 


In any case, it is clear that events other than an oozing of cerebrospinal 
fluid may lead during embryogenesis to the formation of circumscribed areas 
of cutaneous edema. In the present stage of the study, I am inclined to regard 
an autochthonous formation of the skin swellings as a much more probable 
mechanism for the phenogenesis of pterygium colli than that of wandering 


“myelencephalic blebs’’. Since such a mechanism would be not entirely divorced 
from that of Bonnevie, I do not regard a change in the nomenclature as neces- 
sary. Even in the “asymmetric form of St.B.U.” it is possible as previously 
discussed that the phenogenesis is not wholly concordant with that of my 
mice back to the stage of exudation of fluid through the foramen anterius. 
An autochthonous origin of subcutaneous fluid in symmetrical St.B.U. or 
Turner’s syndrome would imply only that the parallel course of development 
takes its start at a somewhat later point in prenatal life. Serving to suggest a 
later teratogenetic determination point, indeed, is the fact that the edematous 
swellings tend to remain even after birth in the case of the symmetric syndrome, 
and also the fact that the anomalies produced in the latter tend to be somewhat 
less severe than those which characterize the asymmetric form of St.B.U. 
More important than the problem of nomenclature is the certain conclusion 
that the establishment of two different phenogenetic mechanisms requires that 
the two clinical pictures be kept separate for the purpose of further genetic 
and embryological studies. For such studies a genetically uniform substrate is, 
of course, an unconditional prerequisite. In contrast to the extremely poly- 
morphic nature of the asymmetric form of St.B.U., the syndrome involving 
pterygium colli is so relatively uniform and characteristic that the diagnosis 
can ordinarily be accurately made on first examination. Essentially only three 
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other anomaly-complexes come into consideration in the clinical differentia] 
diagnosis, viz., mongolism, Klippel-Feil syndrome, and Status dysraphicus. 


Transitional cases of mongolism may arise from the fact that in this disease there is 
usually a cutis laxa and a loose nape skin which occasionally even takes the form of a typical 
pterygium colli (Ullrich, 1930). Nevertheless, mongoloid idiocy is not only distinguished by 
a marked involvement of the internal organs but is also distinct in showing no sex preference. 
Clinically the differentiation will usually be possible from the fact that mongolism shows a 
highly characteristic behavior pattern with feeblemindedness, which is at least not obliga- 
tory in St.B.U. 

Klippel-Feil syndrome presents a less clear basis for separation from both the pheno- 
genetic and the clinical point of view. The distinction would, of course, be superfluous if a 
subcutaneous edema mechanism should prove responsible for this condition as well. On 
purely mechanical grounds one can well imagine a fusion of the cervical vertebral bodies in 
consequence of the pressure of a primary neck bleb. I regard this possibility, however, as 
unjustified. It is true that Klippel-Feil syndrome is not uncommonly accompanied by 
other anomalies similar to those found in St.B.U. (Rinvik, 1944). However, the central 
feature of Klippel-Feil syndrome is a localized developmental failure of the vertebrae, and 
this may occur in other cases in sections of the vertebral column other than the cervical 
region, in such a way that cerebrospinal blebs could not plausibly explain the state of af- 
fairs. Also, it must be noted that here again, as in mongolism, there is, to my knowledge, 
no marked predilection for the female sex. 

It should be mentioned that Gilmour (1941) found iniencephaly more common in females 
than in males. This severe defect of the occipital region, which is incompatible with life, 
no doubt stands in close morphologic relationship with Klippel-Feil syndrome (Drachter, 
1923). This is not to say, however, that it represents a specially severe manifestation of the 
same phenogenetic disturbance. Kaven (1943) also mentions that the female seems to be 
more severely affected in the case of the short-tailed anomaly of the house mouse, which is 
accompanied by blood blisters and vertebral deformities very similar to those in Klippel- 
Feil syndrome. All of these developmental anomalies of the axial skeleton are nevertheless 
far removed from the anomaly complex of my mice, and are presumably brought about 
through entirely different pathogenetic events. Finally, it may be mentioned that von 
Pfaundler’s (1939) extensive studies on “Friihtod, Geschlechtsverhdltnisse und Selektion” 
showed that developmental anomalies in general constitute almost the sole cause of intrau- 
terine death for which there is a marked excess of female cases. 

For genetic purposes, at any rate, it is advisable at present to separate Klippel-Feil syn- 
drome from St.B.U. In general these two conditions are not difficult to distinguish clinically. 
Even without roentgenograms a synostosis of the vertebrae is usually apparent in these 
“hommes sans cou” by virtue of the reduced mobility of the neck, whereas in St.B.U. the 
head is freely mobile and the shortness of the neck is only an illusion due to the broad skin 
flaps. The broad neck in Klippel-Feil syndrome is admittedly not always due to lateral mus- 
cle-wings; there are sometimes “pure skin” folds of the sort seen in Turner’s syndrome 
(Frawley, 1925; Martin, 1947). Although the low hair-line of the neck and the abnormal 
ears also agree with the features of St.B.U., cases with demonstrated vertebral changes 
should be separated from Turner’s syndrome, rather than to designate such as combina- 
tions (Martin). 

The greatest difficulties can arise in the clinical differentiation of St.B.U. and Status 
dysraphicus. Since the basis for the latter condition lies in a malformed defective closure of 
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the medulla which affects principally the dorsal marginal portions of the central canal 
throughout its length, there is no phenogenetic resemblance to St.B.U. Also, it is not pos- 
sible to unify the two on the assumption that, in accordance with Bonnevie’s view, cere- 
brospinal fluid may also escape from places other than the foramen anterius. All in all, the 
phenomenology of Status dysraphicus is not explicable on a subcutaneous edema mechan- 
ism. We are therefore faced only with a phenotypical overlapping of two syndromes, which, 
however, may be at times very extensive (Bremer, 1926; Passow, 1933). In individual cases 
a differential diagnosis may have to be based upon family studies. For example, I consider 
one of the families reported by Rossi and Howald (1947) in their paper on the genetics of 
St.B.U. to be an example of Status dysraphicus. The 18 year-old proposita with funnel chest 
shows a typical pterygium colli, but lacks infantile features, and the 2 brothers who show 
milder defects (funnel chest, clinodactyly) correspond much more closely with Status 
dysraphicus. 


INHERITANCE 


Up to the present time the available publications on the inheritance of 
St.B.U. have not taken account of the division which has now become apparent 
between the two phenogenetically distinct forms, nor have other confusing 
syndromes always been carefully excluded. For this reason the conclusion of 
Rossi and Howald (1947) that we are dealing with a facultative dominant gene 
cannot be definitely accepted. The first kindred adduced by these authors in 
evidence of the genetic pattern is, in all probability, an example of Status 
dysraphicus, as remarked above. In a second family, the proposita shows the 
typical symmetric syndrome with pterygium colli, while a paternal female 
half-cousin was said to show distinct signs of St.B.U. (lateral neck folds). 
Another pedigree previously reported by Rossi (1945) is concerned with a child 
with right-sided Pectoralis defect and ‘dorsal pads of the hands”; in the father 
polydactyly was present, and among the maternal relatives hypertelorism was 
found in several members belonging to three generations. The pedigree also 
shows a diabetic diathesis. This very cursory report may be retained for the 
genetic analysis of the asymmetric form of St.B.U., but the data should be 
restricted to the immediate sibship of the proposita. 

Teveli (1930) recorded webbing of the third and fourth toes in the father 
of his patient. Ostertag and Spaich’s report (1936) concerns a discordant pair 
of monozygotic twin brothers, one of whom showed the typical syndrome with 
pterygium colli and the other only impressiones digitatae and webbing of the 
second and third toes. Whether these minor anomalies, which are so frequent 
in the general population, can be regarded as “microforms” of the syndrome 
cannot be decided at present. In a brief discussion note, Baumann (1945) 
mentions three sibs who showed congenital lymphangiectatic edema, apparently 
without other anomalies. In a typical female case of pterygium colli, Cotterman 
(1948) found strabismus and epicanthus occurring as isolated anomalies in a 
brother, the mother, and a maternal cousin. Foucar (1948) cites the occurrence 
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of pterygium colli in two sisters described by Frawley (1925) ; these cases, how- 
ever, are more probably Klippel-Feil syndrome. 

This is all that is now available in the way of family reports. Obviously no 
clear evidence of inheritance can yet be claimed. Additional more extensive 
family studies are urgently needed, and these should not be difficult to obtain 
for the typical symmetric syndrome which includes pterygium colli. This easily 
recognized, and not exceptionally rare, complex is sufficiently homogeneous 
to serve well for such studies. For the typical or asymmetric form of St.B.U. 
the selection of propositi presents difficulties of a serious nature. However, 
since the purely epigenetic process of excessive exudation of cerebrospinal fluid 
is apparently responsible for these anomalies, the question of the mode of in- 
heritance need not be posed in an overall sense. 

For the symmetric form of St.B.U. or Turner’s syndrome, a further investi- 
gation of the phenogenetic mechanism is also needed. We do not yet know in 
what way the symmetric accumulations of fluid arise in the integument. Also, 
the cause of the infantile dwarfness is not yet certain. An isolated impairment 
of the hypophysis through the pressure effect of a bleb derived from the neck 
region (Engel, 1940) seems highly improbable. As several authors have pointed 
out, the dwarfness of Turner’s syndrome shows some distinct clinical differences 
from that of pituitary dwarfness (Schneider & McCullagh, Sharpey-Shafer, 
Greenblatt & Nieburgs, Flavell). Holmer (1948), as well as Schneider and 
McCullagh, assumes a primary disturbance of the gonads. In agreement with 
the increased urinary excretion of gonadotropic substances, a better therapeutic 
effect has been obtained with estrogenic hormones than with pure pituitary 
preparations. In histological studies of their patients, Atria and Donoso (1946) 
and Moss and Menk (1949) found the hypophyses essentially normal, whereas 
the ovaries showed regressive changes. Greenblatt and Nieburgs’ male patient 
had a large penis and small testes, showing histologically a tubular hypoplasia 
with seemingly increased numbers of interstitial cells. 

Neither a disturbance of the hypophysis or of the gonads, however, can serve 
as an adequate explanation of the syndrome in its entirety. The intimate inter- 
relationships of these endocrine glands makes difficult an analysis of the exact 
nature of the endocrine disturbance, which must certainly play a part in this 
syndrome. However, endocrine disorders must, in any case, be of secondary 
significance in the phenogenesis of the syndrome as a whole. The beginning of 
the teratologic determination period must be placed at an early embryonic 
period; as yet there is no clear proof that ontogenetic events at this time may 
depend upon the endocrine system as in extrauterine life. It would not be 
contrary to this view, however, to suppose that some disturbance in the im- 
portant organizer field of the mid-brain area might be responsible for the syn- 
drome. It is very likely that other combinations of head and extremity anom- 
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alies—the so-called dyscranio-dysphalangias—may also be centrally controlled 
through disturbances in this region. 


SUMMARY 


The mechanism of wandering cerebrospinal fluid blebs discovered by Bon- 
nevie in embryos of the Bagg-Little mouse mutant my (“‘myelencephalic blebs’’) 
may with full justification be applied to corresponding complexes of multiple 
anomalies in man. 

By means of this theory a fully satisfactory explanation is afforded for the 
first time for nuclear lesions in the medullary portion of the brain-stem (nuclear 
aplasia) combined with (unilateral) Pectoralis defects and numerous associated 
deformities. 

Since motor disturbances in the cranial nerve region and peripheral muscle 
defects are also observed in combination with lateral skin folds of the neck 
(pterygium colli) arising from congenital skin swellings (lymphangiectatic 
edema), it is natural to regard the various multiple anomalies accompanying 
pterygium colli as the equivalents of those present in my mice. 

This complex of abnormalities described by me in 1930 has received increas- 
ing attention in the German-language literature under the designation of 
Status Bonnevie-Ullrich (St.B.U.). It is identical with a typical syndrome de- 
fined by Turner (1938). 

From an analysis of all described cases it is evident that pterygium colli 
and its numerous allied anomalies is almost invariably associated with dwarf- 
ness and conspicuous infantilism in older female patients. The complex is 
strongly preferential for the female (49:1 o). This, plus the fact that there 
is a rather consistent symmetrical distribution of all of the defects, makes the 
syndrome incompatible with the wandering bleb mechanism. The latter leads 
one to anticipate a very polyphenic syndrome, with an asymmetric distribu- 
tion of peripheral defects, like those found in typical (unilateral) St.B.U., as 
well as in the anomaly-complex of my mice. 

In the symmetric form of St.B.U. one must think of an autochthonous origin 
of subcutaneous fluid accumulations which must account for the greater part of 
the abnormalities, just as in the typical or asymmetric conditions. The infantile 
dwarfness and the predilection for the female sex cannot be adequately ex- 
plained at present.’ The early teratogenetic time of determination, however, 
allows one to attribute at most a secondary significance to organ-controlled 
endocrine disturbances. 

5Important in this regard is the demonstration of trophic pathways between the diencephalic 
sexual center and the sacral and lumbar centers. This nervous pathway, consisting of many neurones, 


apparently becomes united via the bundle of Schiitz at the base of the rhomboidal sinus to the fasc- 


iculus parependymalis, which courses as a longitudinal tract through the substantia gelatinosa of 
the spinal cord (Kriicke, 1949). 
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Since it appears necessary to modify the myelencephalic bleb theory for the 
symmetric form of St.B.U., which includes Turner’s syndrome, and to postu- 
late here a somewhat different edema mechanism, the two clinical pictures 
should be kept apart for purposes of genetic study. In this connection it is also 
necessary to differentiate the symmetric form from other syndromes having 
manifestations which sometimes overlap those of St.B.U. Difficulties in the 
differential diagnosis are especially furnished by some cases of Klippel-Feil 
syndrome and Bremer’s Status dysraphicus. 
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Unilateral Developmental Anomalies in Sisters 
(Status Bonnevie-Ullrich) 


C. W. COTTERMAN anp HAROLD F. FALLS 
Heredity Clinic and Department of Ophthalmology, University of Michigan, Ann Arbor, Michigan 


ULtRIcH (1936) pointed out that certain congenital human anomalies of the 
head and extremities might find their embryological explanation in the damag- 
ing pressure action of wandering cerebrospinal fluid blebs, a mechanism shown 
by Bonnevie (1931, 1935) to be responsible for an inherited syndrome dis- 
covered in the house mouse by Bagg and Little (1924). Two principal anomaly 
complexes have thus come to be described under the title of “Status Bonnevie- 
Ullrich.” One of these, which Ullrich believes to be attributable to an identical 
wandering bleb mechanism, consists of congenital nuclear defects (especially 
abducens and/or facialis paralysis), combined with various abnormalities— 
chiefly unilateral—of the ear, ocular adnexa, muscles (especially Pectoralis 
defect), and extremities (especially the hands). As Ullrich has remarked (1949), 
family studies are much needed, not only to decide whether these associated 
anomalies are hereditary, but also to gain further clues concerning the proposed 
theory of pathogenesis. To this end the authors wish to record some observa- 
tions made very recently on a patient showing many of the aforementioned 
abnormalities. 


CASE REPORT 


D. C., a 9 year-old White female child (born August 28, 1940) was recently referred to 
the University Hospital (U.M.H. No. 664581) for surgical consideration with regard to a 
deviated nasal septum, malformed jaw, accessory auricular cartilages, and a “tumor of the 
left orbit.” On the pedigree diagram (fig. 5) she is represented as A-5. 

Birth and Developmental History. The patient was the product of a full term gestation 
and an apparently normal delivery. A deformity of the jaw, a malformed left ear, and an 
epibulbar tumor of the left eye were called to the mother’s attention at the time of birth. 
There was reportedly no evidence of neonatal jaundice, anemia, or congenital edema. De- 
velopment was slightly retarded. The child sat erect at 10 months and walked at the age of 
14 months. She did not talk effectively until 5 years of age, and still has a nasal intonation 
and slight lisp. Measles and pertussis were experienced at 3 years and varicella at 3 years, 
6 months, all without complications. The first grade of school was failed, and the child is 
regarded by her teachers as mentally retarded. 

Physical examination. At 9-years, this girl is a well proportioned, but rather frail child, 
who is shy and frightened in public but is active and well adjusted in the home. Height 
121.9 cm., weight 45.5 pounds. Except for the various anomalies of the head and face to be 
described, there are no grossly apparent defects. The neck, thorax, abdomen, genitalia and 
extremities are not abnormal, and the heart and lungs are normal to auscultation and per- 
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cussion. Laboratory findings, consisting of urinalysis, Kahn sero-diagnostic reaction, and 
miniature chest film, were negative. The hemoglobin was 12.8 grams. The tuberculin skin 
reaction was negative (O.T. 1:10,000 1.p.). 

Head and face. The skull appears somewhat smaller than average, but is symmetrical, 
except for some apparent flattening of the left mastoid eminence. The frontal bossae are 
rather prominent. There is marked facial asymmetry, due principally to an apparent short- 
ening of the left half of the mandible, the symphysis being displaced about 1.5 cm. to the 
left (fig. 1). On palpation, the condylar portion of the left ramus appears to be missing or 
else there is a chronic luxation of the temporo-mandibular joint. 

The left external ear is similar in size and shape to the normal right ear, but is situated 
about 1 cm. lower on the face (fig. 1). The auditory canal of the left ear is directed upwards, 
but is otherwise normal. The drum is intact. The left tragus is almost wholly missing, but 
there is a mound-shaped pretragal appendage, measuring about 1 cm. in diameter and 
projecting about 1 cm. away from the face (fig. 2). It appears to consist of one or more 
accessory cartilages. Between the rudimentary tragus and the appendage is a sinus or pit, 
and a smaller pit or dimple is situated behind the tragal remnant just within the external 
meatus. No drainage from these pits has been observed by the mother of the patient. 

The nose is rather broad, with the tip bent slightly to the right. The nares are elliptical, 
the left being slightly larger than the right. The nasal septum is markedly deviated to the 
left anteriorly, with an apparent occlusion of the left passageway. The lips and oral cavity 
are normal except for a marked malocclusion of the teeth. There is a fibrous union of the 
central raphe, and palatal function is somewhat reduced on the’ left side. The left tonsillar 
fossa is higher than the right, and bulges forward. No difference is observed in the sizes of 
the tonsils. 

Ocular examination. The two orbits appear equal in size and height, and their margins are 
normal and symmetrical to palpation. There are no gross defects of the lashes or lids, but the 
left palpebral fissure is somewhat narrowed, both vertically and horizontally. There is a 
ptosis of the left upper lid of approximately 1 mm., and a minimal epicanthus is present 
bilaterally. The left lacrimal caruncle is grossly absent, and a small symblepharon extends 
from the nasal third of the lower lid conjunctiva to the limbus at 8 o’clock. Also, in the left 
eye, a soft compressible yellowish fleshy mass measuring 7 x 4 mm. occupies the lateral 
bulbar conjunctiva and lateral inferior cul-de-sac. The tumor appears to be a dermolipoma; 
there are no included hairs or other unusual structures. It extends laterally and posteriorly 
over the surface of the globe into the deeper structures. Slit-lamp examination reveals that 
the growth has invaded the cornea to a depth of approximately 1 mm. at the 6 o’clock me- 
ridian. A well healed surgical scar is present on the surface of the tumor. A tumor of the left 
orbit was said to have been visible at birth and produced a slight bulging of the lower lid. 
Surgical excision was performed at the age of 15 months by Dr. D. F. DeForest of South 
Bend, Indiana, to whom we are indebted for the following details: “The tumor removed from 
the left bony orbit of D. C. was a dermoid cyst, approximately the size of a small hazel-nut 
attached to the periosteum. The fibrous wall was rather thick. The left lacrimal caruncle dis- 
closed a congenital defect, as also did the left ear. The operation was limited entirely to the 
removal of the dermoid cyst.” 

In the primary position the eyes vary from straight to a few degrees of left hyper- 
phoria, the latter being demonstrated only by the cover test. Extraocular muscle move- 
ments show a gross limitation of abduction in both eyes (paralysis of external recti) as 
well as an overshoot of the right eye and marked lag of the left eye on looking down to 
the left. There is also a moderate weakness of the internal recti, which is more marked in 
the left eye. The point of basal convergence is 75 mm. No weakness of the muscles of ex- 


pr 
a 
siz 
m 
h 
Ww 
t 
is 
t 
0 
n 
] 
t 


DEVELOPMENTAL ANOMALIES 205 


pression was demonstrated. Fig. 1 reveals a minor sagging of the left corner of the mouth, 
and this is more conspicuous in baby pictures, but appears to be the result of the reduced 
size of the mandible and maxilla on this side. 

Examination by ophthalmoscope and slit-lamp microscope failed to disclose any abnor- 
malities of the anterior ocular segment, optic media or fundus in either eye. The irides are 
hazel-brown, the left being somewhat darker than the right. The pupillary reflexes are 
prompt and equal bilaterally. The uncorrected visual acuity is 6/15 in each eye. The patient 
was refracted under cycloplegia and accepted the following correction: Right eye, +5.00 
sph., +0.75 cyl., axis 75°; Left eye, +4.50 sph., +0.75 cyl., axis 115°. With correction 
the visual acuity is 6/12 — 3 in the right eye and 6/12 — 2 in the left eye. Color vision 
is normal (Ishihara). 

Neurological examination. “The child was apprehensive and emotionally disturbed 
throughout the examination. There is a bilateral abducens paralysis. The tongue deviates 
markedly to the left when protruded, this being a result of the jaw deformity and deviation 
of the jaw to the left when opening the mouth. The superficial sensorium is intact. There is 
no motor weakness in any part of the body, no muscular atrophy, and no apparent ataxia. 
The gait and station are normal. The reflexes are normal, active and equal bilaterally. No 
Babinski sign is demonstrated. Impression: Probable congenital abducens paralysis, most 
likely a nuclear aplasia, in addition to other congenital deformities.” 

Audiometric findings were inconclusive due to poor cooperation at the time of examina- 
tion. However, there appears to be no marked hearing defect in either ear. 

Dermatological examination. The skin is normal in texture and pigmentation over the en- 
tire body surface, with the exception of certain nevi to be described. There is no suggestion 
of cutis laxa or pterygium colli. There are two interesting nevi of the form known as “leuko- 
derma centrifugum acquisitum” (Sutton, 1916) or “halo nevus” (Feldman & Lashinsky, 
1936). These are small pigmented papules surrounded by sharply delimited oval non-pig- 
mented areas, resembling patches of vitiligo. The smaller nevus (1 x 2 cm.) is situated on the 
anterior abdomen, approximately on the left mammillary line at the level of the umbilicus; 
the larger one (2 x 3 cm.) is located on the medial aspect of the right thigh near the groin. 
In addition, a small (4 x 6 mm.) café-au-lait spot is present on the forehead near the mid- 
line, and a larger (1.5 x 3 cm.) triangular spot of the same kind is present on the chest 3 
cm. below the left nipple. 

Dermatoglyphic prints of the palms and fingers (tables 1, 2), as well as prints of the 
soles and toes, revealed no unusual pattern characteristics. The flexion creases of the palms 
are likewise normal. The nails show no abnormalities. 

The eye-brows are symmetrical and of normal contour and pigmentation. The head hair 
is dark golden-brown, but numerous grey hairs are present in the central frontal (““widow’s 
peak”) region. These hairs do not form an albinoid streak or “white forelock,” but are 
interspersed among pigmented hairs. The underlying skin in this area is pigmented and 
appears normal in all other respects. According to the mother, an abundance of grey hairs 
was first noticed in this region at the age of 2 years, but the greying seemed to diminish after 
the age of 5. 

Roentgenological examinations. Films of the skull show no abnormality of the cranial vault 
except that it is relatively small for a patient of this age. The pituitary fossa is of normal 
size and contour. The left mastoid area is somewhat flattened and shows less pneumatization 
than does the right. The bones of the face are distorted, the mandible and maxilla being 
deflected to the left (fig. 3). There is some shortening of the horizontal ramus of the mandible 
and marked underdevelopment of the ascending ramus; the coronoid process is present, 
but is somewhat longer and thinner than usual, while the condyloid process is represented 
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by a short bony spur, the neck and condyle being absent. The condylar fossa-on the left is 
somewhat shallow as compared to the right, presumably due to the absence of the condyle 
in the fossa. There is some associated distortion of the teeth, those in the left side of the 


TABLE 1. PALM PATTERN FORMULAE 
(Symbolism of Cummins & Midlo, 1943) 


Main Lines D.C.B.A.T./Configurational Areas 1.2.3.4.5 


LEFT PALM 
C-1 10(11).X.5’(6).3-t-L".0.0.0.V 
A-1 9.X.5'.3-t-L".0.0.0.V 
A-2 11.X.7.3-t-A*.W*.0.0.0 11.10.8.3-i-A*.L°.O.L.0 
A-3 11.0id0.4-t’-O/A*°.0.0.0.0 
A-4 11.X.7.3-t-V.V.0.V.0 11.9.7.3-t-L".0.0.L.0 
A-5 
A-6 10/7.9.7/5” .4-t-L".O.Vl.d. 
TABLE 2. FINGER PATTERN TYPES AND RIDGE COUNTS 
(Symbolism of Cummins & Midlo, 1943) 
INDI- FINGERS LEFT HAND FINGERS RIGHT HAND 
VIDUAL 5 4 3 2 1 1 2 3 4 5 
C-1 L* L* L* At L* L* 
0-8 0-12 0-12 0-8 0-11 18-0 0-0 11-0 10-0 9-0 
0-8 0-12 0-11 9-0 0-15 17-0 2-0 13-0 7-0 7-0 
A-2 Li» W WwW W W 
0-7 0-15 0-13 17-16 0-12 24-19 16-16 15-0 16-16 7-0 
0-9 15-19 0-11 0-13 0-2 | 15-0 18-0 13-0 *-16 15-0 
0-12 0-11 0-15 0-14 0-25 20-19 0-8 12-0 15-0 13-0 
A-5 L* l* l* Lre L* 
0-2 0-23 0-13 0-13 0O-€ | 140 0-14 12-0 15-0 5-0 
0-10 0-12 0-12 0-12 5-15 24-0 14-0 17-0 18-11 15-0 


* Ridge count indeterminate, due to aberrant ridge formation or scar. 


mandible being smaller in all dimensions than those in the right, with their roots deflected 
laterally to an abnormal degree. The time schedule of dentition appears to be within normal 
limits, and the two halves of the maxilla and mandible are symmetrical with respect to the 
numbers of teeth developed and erupted. The maxilla is not decidedly abnormal; the nasal 
septum deviates moderately to the left. Contrary to the impression gained on physical 
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Fics. 1, 2. Nine year-old proposita, A-5; facial asymmetry, malformed ear and jaw, and greying 
of hair in “widow’s peak” area; combined with congenital abducens paralysis, absence of the left 
lacrimal caruncle, and other anomalies. 


Fic. 3. Photoroentgenogram of 
septum 


cost 


A-5; hypoplasia of left mandible and maxilla, deviated nasal 
, and increased size of left orbital rim. 

4. (lower left, unlabeled) Seven year-old sister of the proposita, A-6; aplasia of the sterno 
part of the right Pectoralis major, hypoplasia (?) of the upper right part of Trapezius, re 


duced size of right nipple, and halo nevus of right chest. 
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examination, there is a distinct asymmetry in the sizes of the orbits as measured by the diam- 
eters of the orbital rims in anterior view: horizontal diam. right orbit 3.0 cm., left orbit 3.4 
cm.; vertical diam. right orbit 3.7 cm., left orbit 4.0 cm. 

Films of the spine show 13 thoracic vertebra, the last segment supporting a well-de- 
veloped thirteenth pair of ribs, measuring 5.4 cm. in length on the right and 5.2 cm. on the 
left. There are 6 lumbar vertebra, with complete lumbarization of the first sacral segment. 
The seventh cervical vertebral body shows a distinct medial constriction or “butterfly 
deformity.” In decreasing degree the same peculiarity is seen in the sixth and fifth cervical 
vertebra and in the first five thoracic vertebra. There is a distinct underdevelopment of 
the vertebral portion of the right first rib, producing a narrowed appearance as compared 
with its mate on the left. In addition, the second and third ribs on the right side are fused in 
the proximal fifths of their vertebral portions. 

Films of the extremities show normal bone structure and relationships throughout. The 
sternum, clavicles and scapula are normal. 

Course in Hospital. On September 27, 1949 plastic surgery of the face, with excision of the 
pre-auricular appendages was performed under ether anesthesia. The excised mass revealed 
a “large portion of cartilage, approximately 2.5 cm. in depth and approximately 1.5 cm. in 


B-/ 


Deceased 


A-3 
MNss 
rr 
kk 


Ophthalmoplegia Right-sided 
+ unilateral Pectoralis 
anomalies of head defect 


Fic. 5. Pedigree of University of Michigan Heredity Clinic Kindred No. 1693. S = presence 
ss = absence of agglutinogen S of Sanger and Race. kk = Kell-negative, Cellano-positive. For 
the antisera used in determining these two antigenic systems, the authors are greatly indebted to 
Dr. R. R. Race and Dr. Philip Levine. 


width. The cartilage was well adhered to the surrounding structures, and no nerves or 
vessels were destroyed in the process to the knowledge of the operator.”’ 

Family History. The parents of this patient are not known to be related; the child’s 8 
great-grandparents bear different family names, so that any parental consanguinity must, 
in all probability, be more remote than second cousin relationship. The patient’s father 
(B-1), a construction worker, died at age 52, two years previous to our investigation, the 
result of a 5-story fall. He was described as showing none of the abnormalities present in 
A-5. A summary of the abnormalities found in the mother and 5 sibs of the patient follows: 

C-1, the 39 year-old mother of the patient (born Feb. 5, 1911) is a short, stocky woman, 
showing no distinct facial asymmetry, no apparent deformities of the limbs, muscular « 
fects, cranial nerve deficiencies, or significant ocular findings. Her six living children (fig. 

|- 


5) represent her total number of pregnancies, there being no miscarriages, stillbirths or chi 


dren dying in infancy. All of her pregnancies were of normal duration and delivery was un- 
eventful in each case except for A-2 and 4-6; the latter were each born 2 weeks prematurely 


and labor was medically induced. There is no history of exanthematous or febrile disease in 
any pregnancy. She has never received a transfusion of blood or plasma. Two years be! 
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the birth of her first child her back was injured in an auto accident. In the fourth month of 
the fifth pregnancy the back was again injured in a fall, and a second auto accident occurred 
during the sixth pregnancy, but there were no physical injuries. 

A-1, A-2, A-3, and A-4, the four older sibs of the proposita, were found to possess none of 
the abnormalities listed below for A-5 and A-6. A few minor abnormalities were noted: a 
prominent Darwinian tubercle of the right ear is present in A-/ and A-3, the right great toe 
of A-1 appears somewhat shorter than the corresponding toe on the left foot, and a mild 
camptodactyly of the little finger is present bilaterally in A-/. Ocular examinations of the 
four children revealed no significant defects. No X-ray studies have as yet been made on A-I, 
A-2 or A-3. In the brother, A-4, there is a history of retarded cranial ossification with sev- 
eral epileptiform seizures in infancy. Also, as a result of a hit by an automobile at age 6, he 
suffered a ‘‘concussion of the brain,” fractures of the right leg, and injury to the back. There 
are scars over the knees and a scar over the lower lumbar region. X-ray films show no defects 
of the cranium or facial bones at the present time. Also, films of the spine show no abnorm- 
alities. Mentally, as well as physically, this boy appears to be quite normal. 

The dates of birth of the older sibs are as follows: A-1, October 24, 1930; A-2, November 
21, 1931; A-3, August 26, 1935; A-4, April 6, 1938. 

A-6, the 7 year-old sister of the patient, born July 18, 1942, is a thin, somewhat poorly 
nourished child; height 119.1 cm., weight 43 pounds. The dental hygiene is very poor, the 
anterior upper teeth are missing, and there is a mild speech disability affecting primarily 
the enunciation of the letter s. The head is symmetrical and exhibits none of the abnor- 
malities seen in A-5. The eyelids are normal, with the exception of a minimal degree of epi- 
canthus bilaterally. The irides are hazel brown. The eyes are straight in the primary position. 
Extraocular muscle movements are normal, except for a marked overshoot of the right eye 
on downward-leftward gaze. The external and internal ocular examination revealed nothing 
of significance. The extremities are normal. In infancy, a slight abduction defect of the right 
foot was noticed by the mother, but there is no evidence of such at present. The abdomen, 
pelvis, genitalia and extremities are grossly normal and symmetrical. 

There is a conspicuous defect of the Pectoralis major on the right side (fig. 4). The entire 
sternocostal portion of the muscle is apparently missing, but the clavicular portion seems to 
be present and is perhaps somewhat overdeveloped, which probably accounts for a fair 
strength in abduction and internal rotation of the right arm. There also appears to be some 
degree of underdevelopment of the upper part of the Trapezius on the right side. The skin 
over the right chest appears normal, except for a halo nevus situated over the right second 
sternocostal articulation. The right nipple is normal in structure, but the areola is smaller 
(7 x 10 mm.) than that of the left nipple (9 x 12 mm.). Tactile sensation is not impaired 
in the skin over the defective pectoral muscle, and skin conductivity tests show undimin- 
ished sweat excretion on this side of the chest. 

Neurological examination disclosed no signs of cranial nerve deficiencies, and the sensory 
and motor development was normal throughout. Reflexes are normally active and equal 
bilaterally. Except for the small halo nevus of the chest, there are no apparent abnormalities 
of the skin, hair, teeth or nails. 

Roentgenograms of the head show prominence of the distal markings on the inner table 
of the calvarium, but there is no other sign of increased intracranial pressure and this find- 
ing of itself is insufficient for such a diagnosis. There is no evidence of abnormal intracranial 
calcification. The bones of the face show no unusual asymmetries. 

Films of the chest show no abnormalities of the heart or lungs. There are no apparent 
defects of the sternum or ribs, but there is a slight reduction in size of the right hemithorax 
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as compared with the left, with a definite increase in radiolucency on the right side, which is 
compatible with the clinical diagnosis of Pectoralis defect. 

Films of the spine show no defects of the ribs or vertebra like those seen in A-5; only 
eleven pairs of ribs are developed. 


DISCUSSION 


Summarizing, the following anomalies were observed in the 9 year-old pro- 
posita of the family: 

. Bilateral ophthalmoplegia (abducens defect) ; 

. Hypoplasia of the body and ramus of the left half of the mandible, with 

reduction in size of teeth; 

. Malformed left ear, with pretragal appendage; 

. Flattening of left mastoid prominence; 

. Deviated nasal septum, with subtotal occlusion of the left airway; 

. Aplasia of the left lacrimal caruncle, with symblepharon; 

. Epibulbar tumor (dermolipoma) of left eye; 

. Enlargement of left orbital rim; 

. Greying in infancy of the head hair in the central frontal area; 

. Halo nevi (leukoderma centrifugum acquisitum) of left abdomen and right 

thigh; 

. Hypoplasia of vertebral portion of right first rib; 

. Synostosis of the necks of the right second and third ribs; 

. “Butterfly deformity” of 7th cervical and adjacent vertebral bodies; 

. Supernumerary (thirteenth) thoracic vertebra, with well developed ribs; 

. Supernumerary (sixth) lumbar vertebra. 

In the 7 year-old sister, we observed: 

1. Aplasia of the sternocostal portion of the right Pectoralis major, with re- 
duced size of right nipple; 
2. Halo nevus of right anterior chest. 

Associated with congenital abducens paralysis, we thus find unilateral 
anomalies of the ear, ocular adnexa and other facial structures which have been 
defined as a special anomaly-complex or syndrome. An additional develop- 
mental error, also emphasized by Ullrich as a common feature of the typical 
syndrome, namely unilateral Pectoralis defect, was encountered, not in com- 
bination with the above, but occurring ina sister. These correlations would seem 
to strengthen the supposition that the various anomalies actually do comprise 
a syndrome and that this may be hereditary in origin.’ 

With respect to the possibility that wandering blebs of cerebrospinal fluid 
may determine the various defects, we do not feel that our observations detract 
in any way from this possibility, unless the various irregularities of the verte- 

1 Other recent authors have commented on the frequent association of unilateral Pectoralis de- 


fect with syndactyly, polydactyly and atrichosis of the homolateral hand, as well as aplasias of the 
adjacent mammary gland and ribs (Lemos Torres, 1947; Soderburg, 1949). 
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bral column seen in A-5 must be accounted for on the same basis. On the other 
hand, it is possible that these are unrelated in etiology to those of the head 
region. We hope later to obtain roentgenograms of the spines of the mother 
and sibs, which may possibly throw some light on this problem. 

In addition to the similarities pointed out by Ullrich (1949), our case presents 
certain other malformations bearing a resemblance to the anomalies of “‘myelen- 
cephalic bleb” mice. Defects of the jaw, varying from complete agnathia to 
slight reduction of one half of the mandible with a resulting lateral deviation 
of the snout, were sometimes present in mice showing defects of the eyes and 
eyelids. As would be expected on Bonnevie’s analysis, the underdeveloped half 
of the jaw always occurred on the side of the affected eye (Johnson, 1934). 

The localized greying of the head hair in our patient might also be compared 
with the defective hair development recorded by Bagg and Little (1924) and 
others. Over the backs of the animals there sometimes occurred areas in which 
the hair was short and deficient in pigment, such areas being shown by Bonnevie 
(1934) to be the tracks over which blebs had migrated, causing a splitting of 
the embryonic epidermis and corium, which subsequently reunited as the bleb 
moved on to a more stable position. This disruption in the development of hair 
follicles results in a defective hair growth which characteristically is evident 
only in the juvenile coat of the animal, normal fur eventually taking its place. 
In tks latter respect, the observation by our patient’s mother that the spot of 
greying -‘as tended to diminish since age 5 is interesting. 

It is, of course, possible that the “halo nevi” seen in A-5 and A-6 do not 
constitute a part of the syndrome, irrespective of the mechanism which may be 
responsible for the latter. They were, however, found only in these two mem- 
bers of the family. In A-6 the nevus borders on the area of the defective pectoral 
muscle. It may also be mentioned that Niles (1941) suspects that the lesions of 
“leukoderma centrifugum acquisitum” are congenital but transitory nevi, since 
they appear to have been observed only in children. 

Among the various defects of the ocular adnexa found in cases of Status 
Bonnevie-Ullrich, benign tumors, in the form of dermoid cysts or dermolipomas, 
have not, to our knowledge, been previously mentioned. It would perhaps not 
be unreasonable to expect such “developmental arrests” in consequence of the 
disturbances produced by cerebrospinal fluid blebs. At the same time, it does 
not seem to us likely that the presence of a tumor could in itself have accounted 
during embryogenesis for the other anomalies in our patient. Whatever may be 
the explanation for their association in this case, it seems probable that the 
majority of such tumors have a different etiology. There is little to suggest 
that they may be hereditary, although Seb¢ (1948) observed a conjunctival 
dermolipoma of the right eye in a girl, the girl’s mother, and the maternal 
grandfather. 

No abnormalities of the hands or feet are present in A-5 or A-6. On the bleb 
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hypothesis one would therefore assume that the primary neck blebs localized 
on the left side of the head (in A-5) or on right side of the thorax (in A-6), but 
did not migrate into the limb buds, or at least not in sufficient quantity to pro- 
duce marked deformities. In Bagg and Little’s original strain of myelencephalic 
bleb mice the anomalies were not infrequently confined to the head region. 
Moreover, through selective breeding, substrains were obtained in which only 
head defects were found, due presumably to the concentration of modifying 
genes which somehow reduced the probability of blebs migrating into the trunk 
region (Little & McPheters, 1932). 

Although palm and sole prints revealed no unusual configurations in A-5 or 
A-6 (tables 1, 2), we feel that dermatoglyphs—especially of the palms—might 
be studied with profit in all cases of Status Bonnevie-Ullrich. It is known that 
characteristic alterations of the friction ridge patterns may occur even in the 
absence of gross skeletal derangements, as in minor zygodactyly (Cummins & 
Midlo, 1943) and in mongoloid idiocy (Cummins, 1939). It therefore seems 
likely that edema of the fetal extremities due to terminalized blebs might in 
some cases produce dermatoglyphic changes unaccompanied by other observ- 
able effects. 

It should perhaps not be left unmentioned that the mother of our patient 
considered that the injuries sustained in her last two pregnancies may have been 
responsible for the abnormalities of her two daughters. Also, it may not be with- 
out significance that the two affected children are the /ast-born in the sibship. 
In general, the possible effects of birth order and maternal age deserve investi- 
gation for both the symmetrical and asymmetrical forms of St. B.U. as defined 
by Ullrich (1949). Wiener (1947) has postulated that agglutinative thrombi re- 
sulting from the action of anti-Rh or other maternal isoagglutinins might lodge 
in embryonic blood vessels, producing various developmental anomalies. If 
such a process occurs, we would anticipate defects of a rather nondescript nature 
and of chiefly unilateral distribution, like those characterizing St.B.U., with 
the additional peculiarity that later-born children would show the defects with 
higher probability and that symptoms of hemolytic disease might be common in 
such patients and in their sibs. In the present family the mother was found to be 
Rh-negative, but all of her children, excepting the first, were also Rh-negative 
(fig. 5). Of the other blood factors tested, only the S factor of Sanger and Race 
showed an incompatible arrangement in mother and child (A-5). Tests of the 
mother’s serum, in varying dilutions, against saline and serum-suspended cells 
of each of her children failed to disclose any irregular agglutinins. Also, as pre- 
viously mentioned, the mother denied the occurrence of miscarriages, still- 
births, or symptoms of hemolytic disease in her children. 


SUMMARY 


A sibship of 6 children is described in which 2 sisters show various unilateral 
developmental anomalies (Status Bonnevie-Ullrich). The 9 year-old proposita 
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shows bilateral abducens paralysis, combined with a left-sided deformity of 
the ear, nose and mandible, absence of the lacrimal caruncle, benign tumors of 
the ocular adnexa, and other defects. A 7 year-old sister was found to possess 
right-sided Pectoralis defect, with hypoplasia of the right nipple. These cases 
are briefly discussed from the standpoint of Ullrich’s (1936) theory, which 
postulates that the syndrome may be a homolog of the “myelencephalic bleb” 
complex in the house mouse. 
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SHORT PAPERS AND REVIEWS 


Note on the Genetics of Acrokeratosis verruciformis (Hopf) 


ACROKERATOSIS verruciformis is a nevoid dermatosis characterized by ver- 
rucoid, lichenoid, polygonal papules found on the dorsa of the hands and 
feet, with some involvement of the palms, flexor surfaces of the fingers, wrists, 
and forearms. The individual lesions are round, polygonal or oval, keratotic 
papules, varying in size from about 1 to 3 mm. in diameter, raised about 0.5 
to 1 mm. above the level of the skin. They vary in color from that of the 
normal skin to a reddish brown, and are of firm consistency. 

The histological changes as described by Hopf (1931) in his original pre- 
sentation of two cases differentiates this condition from others which it may 
simulate clinically. The essential picture is: mild to moderate acanthosis, a 
circumscribed hyperkeratosis with invagination of the corneum, corresponding 
to the rete pegs which form a wavy line. There is an increase in the granular 
layer, but no vacuolation, parakeratosis, or cellular degeneration. The corium 
is essentially normal. 

While there have been a number of individual case reports of this entity, 
a review of the literature reveals only a few references to its familial incidence. 
In a second paper on this entity, Hopf (1933) cites Rehn as describing the 
condition in a 28 year-old woman whose mother and two brothers had similar 
lesions. Danbolt (1935) presented four cases in three generations of a family; 
the 21 year-old patient, his mother, his maternal grandfather and the sister 
of the grandfather. Kovacs’ case report (1940) mentioned involvement of the 
father and one sister of his 77 year-old female patient, but not of her mother 
or two other sibs. One of us (A. B. Loveman) and Graham (1941) reported the 
occurrence of this condition in a 21 year-old woman and her mother, but not 
in her only child, who was then 3 months old. However, eight years after the 
original report, this same child now shows well developed lesions of 
acrokeratosis verruciformis. The most extensive report of the familial incidence 
of this condition is by Niedelman (1947), wherein he presents four generations 
of a family showing 4 affected males, 10 affected females, 3 unaffected males, 
and 3 unaffected females. 

In our family we could find no evidence of parental consanguinity in the 
3 affected sibships. Also, there were no cases of epilepsy. However, the three in- 
dividuals seen by us demonstrated definitely borderline grades of intelligence. 
Niedelman reports similar findings in his family, although the other authors 
do not specifically mention such factors in their papers. 

From the available data it appears that acrokeratosis verruciformis, as is 
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the case with many other nevoid conditions, is inherited as a regular, autosomal, 
Mendelian dominant characteristic. 
M. T. FLIEGELMAN AND A. B. LOVEMAN 
Department of Dermatology, 
University of Louisville, Louisville, Ky. 
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Rh Nomenclature 


CoNSIDERABLE confusion exists as to the nature of the contribution made by 
Fisher to the field of the Rhesus blood factors— and because of this the following 
analysis has been prepared. Actually, Fisher’s contribution can be divided 
into three distinct parts, namely, 1) his prediction of the existence of more 
than one Hr factor, 2) the theory of triple linked genes, and 3) the C-D-E 
nomenclature of Fisher, Race and Cappell. 

1) Following the demonstration of the three Rh factors, Rho, rh’, and rh” 
by Wiener (1943a, 6) and of the first Hr factor, hr’, by Levine (1943) and by 
Race and coworkers (1943, 1944), Fisher (1944) made the brilliant suggestion 
that two more Hr factors might exist, these being reciprocally related to Rho 
and rh” just as hr’ is reciprocally related to rh’. Mourant (1945) found an 
example of anti-hr” and recently another such serum has been found by 
Wiener and Peters (1948), while Haberman, Hill, Everist and Davenport 
(1948) found two examples of anti-Hr. Thus, Fisher’s prediction has been 
fulfilled and its correctness is universally acknowledged. 

2) The theory of linked genes, as contrasted with multiple alleles, is not 
original with Fisher, because it had been considered previously by Wiener 
(1943c) and was disproved and discarded at a time when only Rhy and rh’ 
were known. At that time these antigens were designated as Rh; and Rh, 
respectively. Since this work appears to have been overlooked it is quoted in 
its entirety from the 1943 edition of Dr. Wiener’s book. 
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“The reactions could be explained most simply by assuming the existence of two quali- 
tatively different agglutinogens, Rh; and Rh, in the blood cells, corresponding to the ag- 
glutinins anti-Rh; and anti-Rh». The four sorts of blood would then have the compositions 
Rh)Rh:, Rhy, Rh:, Rh-negative, respectively. This assumption would imply the existence, 
however, of two corresponding genes Ri, and Riz, which would have to be either inde- 
pendent, linked, or allelic. The first two possibilities are excluded since the product of the 
frequencies Rh;Rh2 X Rh-negative is much greater than Rh; X Rh:z. Moreover, the exist- 
ence of allelic genes Ri; and Ri, in individuals whose blood reacts with both anti-Rh, and 
anti-Rh; would necessitate that this class not exceed 50 per cent, while the actual frequency 
is 70 per cent. Accordingly, the observations are best explained by assuming the existence 
of 3 qualitatively different Rh agglutinogens instead of only 2, one type reacting with anti- 
Rh, serum but not anti-Rh:z, a second reacting with Rh, but not with anti-Rh;, and a third 
reacting with both sorts of sera.” 


The calculations have recently been confirmed by Rife (1948) who extended 
them to include all three Rh factors and all three Hr factors. Moreover, the 
family and statistical studies of Wiener and co-workers (1947), Race and co- 
workers (1944), and others fully support the theory of multiple alleles, while 
there is no tangible evidence to support the theory of linked genes. 

3) The introduction of a duplicate set of notations involving the letters 
C-D-E was an unfortunate development. To use two names when one is 
sufficiently explicit contributes confusion rather than clarity. The Rh factor 
gets its name because of the work of the discoverers, Landsteiner and Wiener 
who produced the first anti-Rh sera by immunizing animals with the blood of 
Rhesus monkeys. When the existence of two additional Rh antigens was later 
demonstrated, the designations rh’ and rh” were invented for them to show 
their relationship to the original and most important antigen, Rho. The 
designations C-D-E are misleading because they incorrectly imply a relation 
to the A-B antigens, and some of the letters have already been used for other 
human blood factors so that ambiguity results. Moreover, there is no method 
of distinguishing the most important antigen, Rho, from the others. Numerous 
other disadvantages of the C-D-E notations have been pointed out by Wiener 
(19464, b; 19482, b), of which may be mentioned especially their lack of priority. 

The symbol Hr was introduced by Levine (1943) to indicate the reciprocal 
relation of this factor to Rh. Accordingly, when Fisher’s prediction proved to 
be correct, the symbols hr” and Hro were already waiting, so that the assertion 
that the symbols e and d have priority is based on misconception. 

As an example of the misunderstanding which prevails, the following state- 
ment from a recent paper by Race, Sanger and Lawler (1948) is quoted: 
“The triple allelomorphic nature of the Rh antigens, discovered by Fisher, 
is now universally accepted as an established fact... . At first the theory was 
actively opposed by Wiener. After Mourant’s discovery of anti-e serum and the 
consequent establishment of the existence of e, Wiener accepted Fisher's 


th 
bu 
of 
col 
W 
H 
th 
un 
pu 
ag 
po 
or 
fa 
to 
k 
(- 
ac 
of 
“0 
re 
Fr 
H 
L 
M 
M 
R 
R 
R 
R 
W 
W 
W 


RH NOMENCLATURE 217 


theory by the translation of anti-e into anti-hr” and anti-d into anti-Hro, 
but has since disputed it again.” In the first sentence the universal acceptance 
of Fisher’s prediction of three Hr factors (discussed under 1 above) has been 
confused with the theory of triple linked genes (discussed under 2 above). 
While Wiener was skeptical about the prediction at first, he now accepts it. 
However, as far as I know, Wiener never changed his mind about the genetic 
theory as Race implies, because in this he anticipated Fisher (as explained 
under 2). 

It seems appropriate to point out also the feebleness of the argument recently 
put forward by Mourant (1948) in support of the British C-D-E notations as 
against the International Rh-Hr Nomenclature. He writes: ‘It should also be 
pointed out that Wiener’s present nomenclature differs greatly from that 
originally put forward, and a claim for priority for can scarcely be based on the 
fact that his original system was published before that of Fisher.” It is absurd 
to argue that modifications introduced to keep pace with the progress of 
knowledge and understanding affect the priority of any discovery. Even the 
C-D-E nomenclature has been revised several times to take new findings into 
account. 

With regard to the remark by Mourant concerning the ‘‘obvious advantage”’ 
of Fisher’s notation, this has no place in scientific discussions, since the word 
“obvious” as used is an appeal to emotion rather than to reason. If there 


really were any advantages to the C-D-E notations they could be listed. 
I. B. WEXLER 
Department of Pediatrics, 
Jewish Hospital of Brooklyn, 
Brooklyn, N.Y. 
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Pedigrees of Negro Families 


By R. RuccLes Gates (Biological Laboratories, Harvard University, 
Cambridge 38, Mass.). Philadelphia: The Blakiston Company, 1949. 
Pp. viii, 267; frontispiece +245 figures. $5.50. 


SoME two hundred pedigrees of ““Negro families” are assembled and analyzed in this booke 
Most of the pedigrees were compiled by the author’s students, who had traced specific 
traits in their own families or in families well known to them. The majority of the families 
are in the United States, the remainder being in Canada, the West Indies and British Gui- 
ana. The traits represent a large range of diverse abnormal and normal conditions; in all, 
54 traits are listed in the table of contents. 

Some pedigrees have been used for more than one trait. The numbers of pedigrees repre- 
senting the various traits are widely variable, ranging from none to several or even many. 
A page and a third of text, devoted to a general description of mongolian idiocy, lacks any 
reference to the family of the one case examined. Two traits, polydactyly and skin color, 
are here selected for comment because of their special interest. 

Twenty-seven pedigrees of polydactyly are presented. Each is charted and some of the 
pedigrees are discussed in detail. All affected individuals have supernumerary little fingers 
that vary in degree of development. Some cases present also a supernumerary little toe, 
these occurring usually in association with the more fully developed postminimi of the 
hands. In 22 pedigrees there is dominant inheritance. In the sibships where one parent is 
presumably heterozygous for polydactyly there are 178 affected individuals and 174 unaf- 
fected. The sex distribution in the total affected is 122 males and 80 females. Five pedigrees, 
with a total of 13 affected and 27 normal sibs, are interpreted as probable recessive inheri- 
tance—though with recognition of the possibility that such pedigrees may be explained on 
the basis of low penetrance of a dominant gene. The observation that polydactyly is at least 
characteristically dominant in Negroes is stressed as an indication against the view that 
Negroes are distinguished, as compared with Whites, by recessive inheritance of this anom- 
aly. The question is raised as to whether the degrees of structural expression of polydactyly 
are conditioned by different genes, and answered with the conclusion that the facts are 
against this assumption. It is emphasized that the dominant and recessive pedigrees do 
not differ with respect to degrees of digital development; in dominant pedigrees polydactyly 
is no more fully expressed anatomically when the affected person is homozygous. 

In the discussion of skin color there are presented 11 pedigrees that illustrate crossing of 
the Negro with another race, usually White. Evidence is presented to show that in the racial 
crosses skin color segregates independently of other characters. Further, some pedigrees 
contain apparently valid instances in which offspring are darker than either parent. A three- 
factor mechanism of inheritance is proposed: RST in Negro and rst in White; it is assumed 
that “the effects of each dose of a gene are cumulative (not dominant) and that the effects 
of R and S are such that S produces a yellower skin than R, while T has a smaller effect, 
so that the genotype involving TT is distinguishable from that involving # but not from the 
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heterozygote.” The premise that skin pigment consists of melanin alone (p. 238) is a mistake. 
The three-factor hypothesis might be strengthened by the recognition of other pigments 
that exist in skin, melanoid and carotene, so that individual variability would not have been 
dependent on fluctuations in quantity and distribution of one pigment alone. 

The frontispiece is a plate of color squares designed as standards for studies of skin color 
in Negroes, though it is not clear whether the author and his students used these standards. 
Of the nine squares, one represents the color of a selected White and eight are reproductions 
of the colors of as many Negroes, the individuals having been chosen so as to be “spaced as 
equally as possible within the whole range of skin-color variation.” The adequacy of the 
color samples for matching and their permanence can be determined only by systematic 
trial and by time; the reviewer has not yet had opportunity to test the colors beyond using 
them on a few immediately available subjects, where fair matching was obtained. 

The collection of pedigrees forms an important contribution of new materials on human 
inheritance. However, any reader who is acquainted with genetics and physical anthro- 
pology will find points in the analysis that he would question. It is not purposed to catalogue 
such details here or to list irrelevancies and lapses of unity and coherence. 

The author is well aware that his families present much racial mixture, for he not only 
states this explicitly in the Introduction but records the behavior of certain traits in such 
crosses. It is unfortunate that a biologist makes it appear that he espouses the social classi- 
fication in a genetic approach to the Negro race, especially when broad generalizations on 
the mode of inheritance in this “race”’ as compared with Whites are involved. A brief state- 
ment in the Introduction would have sufficed to explain the short-cut usage of the terms 
“Negro” and “race” and to emphasize that considerations of Negroes as a race are vitiated 
by the unavoidable dependence on a racially mixed population. 

HAROLD CUMMINS 
Department of Anatomy, 
Tulane University, New Orleans, La. 


Principles of Human Genetics 


By Curt STERN (Department of Zodlogy, University of California, Berke- 
ley, Calif.). San Francisco: W. H. Freeman Co., 1949. Pp. xi +617, with 
198 text figures. $5.50. 


THERE is a satisfactory text for human genetics at last! While this announcement is not likely 
to excite the masses, it is of considerable interest to those who teach a course in human 
genetics. This book will certainly decrease the professor’s problems and improve his mind. 
The reviewer would not have agreed to take time to write this article had he not been 
certain in advance that the book would be an excellent one. Though favorably biased in 
advance, the praise which follows is thought to be completely honest. It would be sur- 
prising if, after reading the book, the reader does not agree that it would be difficult to give 
too much praise to it. The volume is a masterpiece of writing for the students it is intended 
for. The last few chapters could well be required reading for all students of the social and 
natural sciences. It should prove to be highly stimulating to any intelligent person. 
Before discussing the contents of the book a few words could be spent on its general 
appearance. The print gives the impression of being unusually large and it is very easy on 
the eyes. The drawings by Dr. Aloha Hannah are extremely clever and clear cut. But the 
reproductions of a few of the more ancient photographs are not very good. No doubt the 
author will remedy this artistic flaw in the next edition. 
Several bright ideas kave been utilized in the arrangement of the 27 chapters. One which 
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impressed the reviewer was that of separating the chapter concerned mainly with mitosis 
from that on meiosis. The wedge between them is a consideration of genic action. It is a 
little unusual to consider interactions between genes and substrates, cleavage and differen- 
tiation, and the development of syndromes in between mitosis and meiosis. However, the 
procedure is not alogical and it does provide “reader-interest”’ early in the book. Students 
usually find accounts of mitosis and meiosis quite deadly but the treatment here is much 
more sprightly than what one is accustomed to. 

Chapters 5, 6 and 7 concern the fundamentals of probability, single factor inheritance, 
and lethal genes. The author was able to cover these subjects with distinction in 39 pages, 
including illustrations, problems and references. 

The next chapter comes at an unexpected spot; it probably represents the same tactic 
employed before of inserting “reader-interest” material where it will prevent an unbroken 
recital of fundamentals. The subject is that of counseling in human genetics. This occupation 
is one which the reviewer has embarked upon on a large scale. Consequently the discussion 
of “Problems of Genetic Advisers,” is of especial interest to him. The author uses a pedigree 
of Lutman and Neel for dominant juvenile cataract very effectively to show how much 
harm may be avoided and how much worrying may be relieved if consultants in human 
genetics become widely available to the public. He does not provide any magic formula for 
the financial support of these future public institutions, but that is, of course, outside the 
scope of the book. 

The philosophy for counseling individuals about dominant deleterious genes is clear to 
most anyone. That for recessive characters is somewhat less obvious. If a person with a 
rare deleterious recessive marries, there is little chance of his producing children also show- 
ing the defect because the probability that he would marry a carrier is remote. But as a 
result of his reproduction the undesirable gene may be permitted to continue instead of 
being eliminated. At some later date the homozygous condition may again be produced, 
although its occurrence could have been prevented by action at the present time. Such con- 
flicts between the happiness of one generation and the possible unhappiness of an unknown 
later one are all too common in practical problems of human genetics. The decision, in 
such cases, is not the task of the scientist, as such, but of the individual or society in gen- 
eral. The reviewer might add to the statement given above by Professor Stern that it would 
be an inert scientist indeed who failed to form an opinion. Usually the advisee insists upon 
learning what this opinion is, and is confused and frustrated if it is not given. The individual 
may not follow the advice but always appears to be grateful for it, whatever it may be. All 
of the cases involve lack of knowledge and understanding and a clear statement seems 
to provide great peace of mind. 

Once again there are three chapters of fundamentals served up in a most palatable form. 
Genetic Ratios, the Hardy-Weinberg Law and Multiple Alleles are unusually clearly done. 
It would seem that the arithmetic, which is so often confusing to students and others, is so 
straight-forward and well demonstrated that anyone would have to make an effort to fail 
to comprehend it. A great deal of work went into these chapters and they are models of 
lucid writing and teaching. 

Chapter 12, “the breather’, is on medicolegal genetics. Considering the excellence of the 
other chapters this one is a little disappointing in that it does not point out that other com- 
mon traits such as eye color and P.T.C. tests could be used in addition to the universally 
known blood groups. In the past only exclusion of paternity—but not positive assignment 
of paternity—could be made. Considering the thousands of possible serological combina- 
tions in conjunction with the common traits tests available today it would seem to the re- 
viewer that not only may all the wrongly designated men be excluded but in addition it can 
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be determined whether the genetic father is actually among the candidates tested. There 
would be much less doubt about this than is usual in legal decisions. In general, medicolegal 
genetics is not being utilized to the extent to which it has validity. 

The acid test of a person’s ability to teach the principles of human genetics probably 
can be found in the treatment of human linkage. This test has been passed with flying 
colors. The reader will understand the ideas involved and, as he is spared the difficult mathe- 
matics involved in actual autosomal recessive calculations, will be ready to stay with the 
book. 

The next two chapters on irregular expression of genes and prenatal interactions are 
easy reading. At the same time they are definitely relevant and essential to an understand- 
ing of the genetics of man. 

The treatment of multifactor inheritance is not merely a review of the literature but 
contains ingenious original applications of the data. The study of the Davenports on skin 
color has been examined most carefully and the assumption of two main pairs of factors 
found at least satisfactory for rough work. Consequently it was possible to calculate, on a 
random mating basis, the eventual equilibrium for skin color in the United States. Assum- 
ing an original African component of 10% of the population one would expect an ultimate 
skin color classification of our population to be 66% white, 26% light mulatto, 5% mulatto, 
0.4% dark mulatto and 0.01% black. The author does not expect the reader to revere his 
decimal points, and realizes that random mating does not occur at present, but the general 
prediction seems to make sense. 

In the chapter on consanguinity the point that a decrease in family size automatically 
results in a decrease in rate of marriages between relatives is neatly demonstrated. The 
author points out that the exclusion of consanguinity in a particular generation transfers 
the load of affected individuals to later generations. He leaves the question open as to 
whether we should accept our defectives now or postpone them till later. The reviewer pre- 
fers postponing the defectives because we may expect medicine to provide palliatives for 
some of them as time goes on. Perhaps we can do something about the action of individual 
genes in the future! 

The chapter on the sex-ratio is an exceptionally fine statistical job. Apparently there are 
large families which have significant excesses of boys in some cases and girls in others! 

This is the place to bring up the only criticism of any magnitude that the reviewer has of 
the book. It is too long. The author is well aware of this and points it out in his preface. 
This difficulty is more important at Universities which are on the quarter system than at 
those with half-year terms. The problem is not an easy one. In assigning the book to his 
classes it seems impossible for the reviewer to leave out any section—with the possible 
exception of pages 418-452. These include the chapter on significance of mutations. This 
chapter is particularly timely because of the increased importance of radiations in our 
lives. None-the-less it is the only one that the reviewer would consider sacrificing. The fail- 
ure of the author and reviewer to find a remedy for the excessive length does not remove 
the difficulty. 

In the last five chapters the author comes into his own. These are the topics which are 
often considered controversial. The relation of heredity to environment is too often used as 
a vehicle for a display of one’s political philosophy. There is no such fault here. Professor 
Stern uses the twin studies as the basis for his exposition of genetic and environmental con- 
tributions to variability. He recognizes the pitfalls of twin studies and does a truly scientific 
job of placing exactly the right emphasis upon them. It is impossible to convey to the reader 
an idea of the skill with which the complicated subject matter of these last chapters has been 
developed. The only way in which one can obtain this insight is to read the book. 
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The discussion of selection and eugenics has been printed separately in Science. Prob- 
ably most readers have seen it there. They will agree that it should allay the fears of those 
who expect a collapse of our society due to dysgenic breeding within the next few genera- 
tions. On the other hand the author does not accuse all those interested in Eugenics of being 
Fascists with castration complexes. He states that even if ‘the loss of supposedly desirable 
genotypes in one, or many, generations of differential fertility is small it does not remove the 
fact that it is a loss which may be regrettable and, possibly, even have serious consequences. 
To state that reproductive selection against severe defects will reduce the number of the 
affected from one generation to the next by only a few per cent does not alter the fact that 
these few per cent may mean tens of thousands of unfortunate individuals who, if never 
born, will be saved untold sorrow. Conversely, even a slight increase of desirable genotypes 
would be a social gain.” 

The two chapters devoted to the races of man are not likely to provide support for ex- 
tremists of any description. The facts of biological similarities and differences are thought- 
fully evaluated and a clear distinction drawn between the biological facts themselves and 
their relation to social race problems. 

The last chapter concerns the evolution of man and the primates with a very intriguing 
discussion of their similarities in polymorphic characters such as the blood groups. A con- 
sideration of population genetics is the background for the conclusion that, as the population 
size of the species Homo sapiens has become very large, it will take longer for decisive 
changes in gene frequencies to become established or eliminated. Mutation pressure in the 
future may lead to the further reduction and disappearance of organs or functions which 
have already ceased to be vital. Population pressures by themselves should prove to be very 
conservative factors in the evolutionary changes of the future. The author thinks that evolu- 
tionary changes, as a result of cultural forces, may be swift and extensive. “The control by 
man of his own biological evolution will become imperative, since the power which knowl- 
edge of human genetics will gradually place in man’s hands cannot but lead to action.” 

SHELDON C. REED 
Dight Institute for Human Genetics, 
University of Minnesota, Minneapolis. 


Human Genetics Syllabus 


By Heriur H. Stranpskov (Department of Zodlogy, University of 
Chicago, Chicago 37, Ill.). University of Chicago Press, 1949. Pp. 148. 


CoursEs in human genetics are increasing in number and playing an increasingly important 
part in the college curriculum’. However, the development of good courses in human genetics 
has been retarded by lack of suitable textbooks. Human Genetics Syllabus is a real contribu- 
tion to instruction in this field. It consists of directions, problems and discussion topics for 
an introductory course in human genetics. 

The questions and problems are thought-provoking, and many make the student corre- 
late the facts he has learned; some should stimulate reference reading. Real understanding 
of a subject comes through analysis of problems. The student who wrestles with some of these 
problems without feeling the need for final answers has learned much. 

The pages are printed on one side only, thus providing blank pages for notes. Also there 
is space after each question or problem for the answer. This feature of the book makes it 
especially valuable to the student for purposes of review. The book covers a wide range of 
material for a term’s course. The first part of the text is devoted to general genetic prin- 


ciple 
deal 
for 
kno 
T 
lect 
witl 
I 
ped 


REVIEWS 223 


ciples, followed by a consideration of a few statistical concepts, and the last sixty pages 
deal exclusively with human genetics. 

The emphasis on drill in genetic principles will probably meet with general approval, 
for experience indicates that the average student needs much of this to gain a functional 
knowledge of the subject. 

The author has included a list of textbooks for readings in genetics, an outline of his 
lecture topics for a quarter, and suggestions for the preparation of a term paper, together 
with a list of suitable topics on which to write. 


Human Genetics Syllabus is new, adaptable, and thorough. It is good, genetically and 
pedagogically. 


Kart A. STILES 
Department of Zodlogy, 
Michigan State College, East Lansing, Mich. 
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Notice to Subscribers and Librarians 


This number of the Journal completes Volume One, and the ensuing | 
number (March, 1950) now in preparation will be designated as Volume Two, 
Number One. This change in the publication plan was adopted by the Society’s 
Board of Directors in order that a regular March, June, September, Decem- 
ber schedule of publication might be established as soon as possible, thus 
avoiding an overlapping of volumes and years. Individual and institutional 
subscribers will be credited with half of their 1949 subscription ($4.00) to- 
wards their subscription to Volume Two (1950). A similar adjustment has 
been made in the 1950 dues for active and corresponding members. Further 
information will be sent to members and subscribers through the office of the 
Secretary, Dr. H. H. Strandskov, Department of Zoology, University of 
Chicago, Chicago 37, Illinois. 


A Title Page, Table of Contents, and Index will be compiled for the first 
two volumes combined and will be included with the December issue of Volume 
Two. Those who wish to bind their copies of the Journal will therefore find it 
expedient to combine the six issues of Volumes One and Two. 


Errata 


American Journal of Human Genetics, Volume 1, Number 1 


60, line 17 from bottom: insert square bracket at end of line. 

61, line 5 from op: insert } at beginning of the expression. 

61, line 2 from bottom: delete the first minus sign. 

64, line 2 from op: second term in square brackets should be 3sxy’. 

82, line! 12 from top: for ‘All of the unusual anaphases and telophases . .. 
read ‘All of the unusual spermatocytes . . .’ 
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